SERVICE 
MANUAL 


ASTRO 102BX 
TRANSCEIVER * | 


eS CUBIC 
COMMUN ICATIONS,INC. 
S WA DIVISION 


Digitized by the Internet Archive 
in 2023 with funding from 
Amateur Radio Digital Communications, Grant 151 


https://archive.org/details/astroservmanualaOOunse 


© SWAN 


A division of Cubic Communications, Inc. 


To the Service Technician: 


The ASTRO-102BX is a modern, top-of-the-line, sophisticated 
Amateur Band Transceiver utilizing state-of-the-art techniques 
and design. The features that today's Hams want are built into 
the unit, not marketed as "add on" accessories at extra cost -- 
Sual PTO"s, Passband. Tuning, Full or Semi Break-in, VOX, CW 
Sidetone, RIT, Notch Filter, and more. 


Whenever performance measured up to required standards, inte- 
grated circuit technology was used in the design; where special 
functions were required, or desired performance could not other- 
wise be obtained, carefully designed discrete component circuits 
were included, rather than accept compromised performance. 


Every care has been taken to provide long, trouble-free life, 

but the requirements of extra operating features, high perform- 
ance design, and compact packaging demanded by today's Hams 
results in a unit necessitating a high degree of skill on the 
part of you, the Service Technician. To assist you, this manual 
has been painstakingly prepared. Take the time to thumb through 
it; read and study the Theory of Operation section and the 
Servicing Hints section; it will be time well spent, even for the 
most highly qualified and experienced personnel. 


It is you, the Service Technican, that will ultimately determine 
how well or how poorly the radio will work, and therefore how 
satisfied or dissatisfied our customers will be, in the long run. 
If you have a suggestion or a problem, write or call our service 
department. We'll listen, and help you all we can. 


Sincerely, 


CUBIC COMMUNICATIONS, INC. 
Swan Division 


Sam F. Arn, K6TSD 
President 


SFA/1b 


305 Airport Rd. e Oceanside, Ca. 92054 e Telephone (714) 757-7525 = Telex: 695435; ANS BK: CUBICOM, OCEN. 
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printed, or disclosed to a third party, either wholly or in part, 
without the written consent of Swan Division, Cubic Communications. 


Entire contents () 1980 by Cubic Communications. 
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General 


(nrormation 


The Swan ASTRO 102BX is a 160M through 10M SSB amateur transceiver that 
features dual PTO's and frequency counter for split frequency operation with 
digital frequency readout. Frequency selection is the only tuning necessary 
when operating into a matched antenna with a VSWR of 1.7:1 or less. 


Standard features include: Full break-in or semi-break-in CW operation; 
narrow band crystal CW filter; two position CW transmit pulse shaping; VOX; 
noise blanker; SSB transmit speech processor; true RF and IF gain controls; 
peak reading wattmeter with FWD, REF, and ALC positions; variable AGC decay; 
passband tuning; and audio notch filter. The basic single conversion design 
has been proven in thousands of the popular Swan transceivers. Mechanical 
and electrical designs are exceptional, for years of trouble-free operation, 
even in a rugged mobile environment, 


The unit is designed for fixed and mobile use with minimum interconnec- 
tions. For fixed station operation an auxiliary speaker/power supply, model 
PSU-6, provides 13.6 V DC from 115/230 V AC, A matching antenna tuner, model 
ST2A, is also available. 


The transmitter may be used for RITY or Slow Scan TV, but operation in 
these modes requires additional forced air cooling. See the operator's an- 
ual for precautions to be observed when operating in these modes. The ASTRO 
102BX includes automatic gain control (AGC) in the receive mode, and auto- 
matic level control (ALC) in the transmit mode. CW sidetone is also provided. 


B nore FILT. 


os 


Dy AF GAIN 
KEY/MIC ‘ L 
. 


FIGURE 5-1 


tad 


s 


PTT OFF OFF SEMI SOFT 


PTO MODE sau 


As rs RECB isp \ [ -cwn 


& 
RIT 
(3 
| 


U sat 


a 


g CUBIC 


COMMUNICATIONS 
Swarm RIVISION 


SPecinNcations 


Frequency Coverage* 


Frequency Control: 


PTO! Modes of Operation: 


General 

BOOM heestie G65 8 t/b oe de O=es 0 NHZ 

COMA air 6 be voce coe O— sO MHZ 

OM MM tet Oslo ene e 0-7 Des 
ZOMG etccdestct ol do=ly, > MH 
Mitetiietsseitiee set necleO—cl. > Miz, 
POMBO ee ca ties scsi sO. Ot lO. Do MNS 
28.5-29.0 MHz 


29.0-29.5 MHz 
29.5-29.999 MHz 
*Approximately 50 to 100 kHz overrange provided on each band. 


Dual PTO with 6-digit frequency counter and RIT control. 


Transmit A; External LO. 


Modes of Operation: 


SSB with selectable sideband. 


offset on transmit and full or semi-breakin. 


Power Input Requirements: 


to oe V0G., 


20 amperes peak current. 


Electromagnetic Interference: 


Transmit: 


Receive: 


filter on each band. 


Dimensions: 


Be eae 2 ow x 13.25" D 


Gee cies. cm oC) 03.7 cm 


Weight: 


Rear Panel: 


23.5 pounds (10.6 kg) 


Power connector: 


Pan 


“i 
Z 
3 
ly 
5 
6 


Antenna connector: 


External speaker/phones: 


External relay: 


13 Owe DG 
Ground 
Ground (used for accessories) 


13K68 Vo DC 
Ground 


12-14 V DC negative ground only. 


A only; Receive A-Transmit B; B only; Receive B- 


CW with automatic 800 Hz 


No damage up 


Five element low pass filter on each band. 


Five element lowpass filter plus three pole bandpass 


13.6 V IC fused to 3 amps (used for accessories) 


UHF (SO0-239) 
Phone jack 


RCA jack 
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Key: RCA jack 


EXT. Modulation: RCA jack 


Fuse: 3 amp fast blow 
EXC ot lie Ost RCA jack 
Receiver 
Circuit Design: Single conversion to 9.00165 MHz IF using double bal- 
anced mixer. Exceptional immunity to overload and cross 
modulation, 
Receiver Sensi- 10 dB S+N/N typical at 0.35 uV 
tivity 
Image Rejection: Better than 60 dB 


Receiver Selectivity: SSB and CW--2.4 kHz bandwidth, two 8-pole crystal 
filters with shape factor 1.4; 6 dB to 100 dB 


CWN--300 Hz bandwidth. IF crystal filter in series 
with one 8 pole SSB filter 


Passband Tuning: SSB and CW eight pole cutoff continuously variable 
high pass or low pass. LED readout shows equivalent 


audio passband, 


CWN--IF crystal filter continuously tunable over 300 to 
3000 Hz with passband control 


Dynamic Range: AGC greater than 100 dB; third order intercept +15 dBm 
Audio Output Power: Greater than 3 watts into 4 ohms. 
Meter: S-units from 1 to 9; 20, 40 and 60 dB over S-9 


Transmitter 


Circuit Design: Rxcellent harmonic and TVI suppression, ALC limits SSB 
peak power and CW power to 100 watts output. 


Power Input: 235° Watts. PEP -inputeat. 13.0. VDC input 

Power Output: 100 watts PEP into 50 ohm non-reactive load at 13.6 V IC 
Unwanted Sideband >60 dB down at 1000 Hz audio note 

Rejection: 

Harmonic Output: >45 dB below peak power level 


Carrier Suppression: >50 dB below peak power level 
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Spurious Output: | >55 dB below peak power level 

Transmit Control: PTT and VOX standard 

(for SSB) 

CW Transmit: Full or semi-breakin with sidetone standard. Automatic 


800 Hz offset on transmit frequency. 


Microphone Input: 47 kQ input impedance 
Audio Response: 300 to 3000 Hz + 6 dB 
Meter: In receive mode, reads S units and dB over S-9; in 


transmit mode, reads peak power selected by meter 
switch: Forward power 100 watts full scale, reflected 
power 10 watts full scale, or reads ALC. 


Cooling: Large capacity heat sink fins supplied. For SO Db Viitu lela, 
and semi-continuous transmit, forced air cooling such as 
a small "muffin" fan on heat sink fins is required. 


VSWR Shutdown: Full power up to VSWR = 1.7:1 


Approximate limit ratio as follows: 


VSWR Percent Power 
aera 100% 
Za Orn 80% 
Sra! 60% 
Open or short 25% (equivalent voltage) 
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Receiver Theory 
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NOTE: Component designations used in the "Theory" sections of this manual 
are the shortened numbers as they appear on the schematic diagrams. To de- 
termine complete component designation, the board/location number must be 
added after the letter or letters. See the "Note" in the first portion of 
the "Parts" section of this manual. 

Schematic diagrams contained in the "Theory" sections of this manual 
are simplified to help in the understanding of the operation of the circuit; 
they may not always, therefore, be sufficient for troubleshooting purposes. 
When servicing the equipment, it is urged that the technician use only the 
schematic diagrams included in the "Servicing Data" portion of this manual. 


BANDSWITCH AND LOW PASS FILTER BOARD Tf 7~~7~7-7-7 7 Se chieg ate - 


Ce reeeetneee 


The received signal 
from the antenna connec- 
tor is passed through one 
of six low pass filters, 
which are also used in 
the transmit condition. 
Bach is composed of two 
inductors and three cap- 
acitors, yielding a five 
pole filter for each band “Car 
(160 through 10 meters). og 
Note that the same filter 
is used for all segments 
of the 10 meter band. 

The filters are sel- 
ected by S101 and S102, 
sections of the BAND sw- 
BCs From S101, the 
Signal is passed to relay 
RVOl. through Ciz2, and . 
through C101. From there TOUR sc Lyi otf Toler 
it is routed to the input eur O7 
of the preselector board. 

Receiver antenna switch- 
ing is accomplished by K101, 
which is activated by Q102. 
When the receive ("R") line 
fcenien, assit<is: in’ the re-— 
ceive condition Q102 is bias- 
ed to saturation, energizing 
K101 and connecting (C122 to LINE 
the output of the selected 
low pass filter, Since the 
collector of Q102 is low when 
it is thus saturated, Q101 is 
in a non-conducting condition RECEIVE ANTENNA 
and has no effect. However, SWITCHING 
when the "R" line is low, as ee) 


To 
BWATTMETER 
CARD 


SISO 
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as it is in the transmit condition, Q102 is cut off, 
This biases Q101 on, providing a path to ground for any tran- 
smit signal coupled across the open contacts 


tage is high. 


In this manner, the input 
periods, 
plO3 oa part..o1 tne 


BAND switch, 
of ten control lines, depending upon its position, 


and its collector vol-— 


of K101 due to stray capacity. 


of the receiver is protected during transmission 


is used to provide a voltage to each 
There are separate con- 


trol lines for the 160, 60,5 nO. 5. 10A, 10B, 10C and 10D positions, and 


an additional line, which, 


other sections of the transceiver, 
PRES ELECTOR 


In the receive condition, 
in therinput circusviry 
jack is effectively open circuited. 
L102 is an RF choke to prevent sig- 
nal from being bypassed to ground 
through C109 on the "T" line, 

On the other hand, the "R" line 
is high in the receive condition, 
and is connected through RF choke 


the transmit ("T") line is low. 
of the preselector is reverse biased, 


through CR102 through CR105, is high for any of 
the 10 meter positions of the BAND switch, 


These control lines are used in 


Thus, CR109 
and the TX IN 


TO ALC 


PRESELECTOR 
BOARD 
INPUT SWITCHING 


TO QI06 


L101 to CR108, which it biases to ate 

an "on" condition. R113 provides JI32 che 

a ground return and the voltage Coe en eRICS bay te 
drop across it reverse biases. the TX INO— RIS PRE Ame 


"orf" diode., C110 is @ DG blocking 
Capacitor, and passes the signal on 
to the input of the preselector 
band filters.” “hist “acts ase 4. De 
return for the switching currents 
for the filter selection circuits, 
and provides reverse bias to the 
"Ore “diodes, 


JI35 


TO TX PREAMP 


ice 


There are six band filters in the preselector (only one is used for all 


four segments of the 10 meter band). 
switch, utilizing the voltages 
earlier, 
ered, 


These filters are selected by the BAND 
on the control lines from S103, as mentioned 
For discussion purposes, only the 


80 meter filter will be consid- 


The voltage from the 80 meter control line is coupled through isolating 
resistor R117, the primary of T104, and CR112 to the output of the input sw- 


itching circuit previously dis- 
cussed, where it is provided 
with a ground return path th- 
rough R114, C119 provides a 
ground |forsthne signal Wate one 
end of the primary of T104, The 
Signal is then passed through 
diode switch CR112 to T104, wh- 
ile the voltage drop across R- 
114 reverse biases the corres- 
ponding diode switches in the 
other filters. 
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The secondary of T104 is resonated by the C120-C122 series combination, 
and they act as an impedance transformation voltage divider. T105 and C121 
form a series resonant circuit, and its output is coupled to C124-C125, wh- 
ich again transforms the impedance of the signal path, and also resonates 
with output transformer T106. The combination of the two parallel xésonant 
circuits and one series resonant circuit forms a bandpass filter of excel- 
lent characteristics. Output switching is provided by R118, in conjunction 
with CR113, in a manner identical to the input switching scheme. 

The output of the preselector filters is coupled to the preamplifier 
Stage, Q10l, via autotransformer T119 and coupling capacitor C163. R127 
provides a IC path to ground for the switching diode, and provides reverse 
bias for the “off" diodes in the other filters, while C159 effectively gr- 
ounds the bottom of T119 for the signal. 

Bias for*Ql0l is pro- +10.5V 
vided both by the source { hed 
circuitry and the R128-R- RI3I 
io) combination. cos far Lio3 
as gate two is concerned, 
the bias is determined by er 
the source network as well ALC 
as whatever is applied to ne AE 
it via the ALC line, CR122 C163 adr) 
and CR123, biased in the are 
forward direction by the FROM Se 4 Oh eee 
voltage applied by R150, FILTERS RI28 R320 
provide a fixed drop of akcieo = = ae 
approximately 1.4 volts, ri27S cise 


A cas A TD CRI22 CRIZ3—S — 
while additional bias is = RSOg > R146 


S I~ 
supplied by the drop ac- < es cea 


e 
. HOS 
ross source resistor R132. = 


C160 and C161 are both by- ea gRIAS ees 
“Ry LN 


; oO) Ql04 


RI44 ci73 RX 
A ouT 


JI36 


passes. 

Signal from the drain 
Of. Ol0inis, taken via C165, 
after being developed ac- 
ross load L103. R131 and C164 form a decoupling network for the supply 
line, 

In the receive condition, the "R" line is high, causing Q106 to satur- 
ate, thus lowering the voltage on the base of Q105, causing it to cease con- 
duction. Diode switch CR124 is then reverse biased by the voltage drop ac- 
ross R145, allowing Q104 to operate in a normal manner. Bias for Q104 is 
derived by R134 and R136, while R149 serves to prevent instability. Output 
of the preselector is taken from the emitter of Q104 via R144 and C173 and 
coupled to the receiver input of the exciter board. 


RECEIVE PREAMPLIFIER 


EXCITER BOARD--FIRST MIXER 


After passing through the preselector and being amplified by the pre- 
amplifier, the received signal is connected to mixer Z101 via C102, a block- 
ing capacitor. Local oscillator signal, brought to the exciter board thr- 
ough J105, is coupled via blocking capacitor C164 to the base of amplifier 
Ql14, Bias for Q114 is developed in a conventional manner via the R167-R168 
voltage divider. The emitter resistor of Ql14 is divided into two parts, 


bie. 
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R164 and R165. While the former is oe 
bypassed in the usual manner, the 
latter is nov, © and a Siena scurt— 
able for driving the display freq- 
uency counter is taken from across 
it, Via Rrocwand™ 0163, 

Amplified L.O. output is taken 
from the collector of Q114 and co- 
upled to the base of Q115. Again, 
bias is conventional, being devel- 
oped by RI7i and R72. the output 
of Q115 is taken across its emitter 
resistor, RV73, via C167 and nie 
and coupled through R177 and C168 
to the base of mixer driver Q101. 
The PA, Bias control line ve bien 
in the receive condition, thus re- cre OFF JT —_L.O. AMPLIFIERS 
verse biasing CR104, preventing the a5 & 1ST MIXER 
L.O. signal from being shunted to z 
ground by C169, as it would be in 
the transmit condition. 

Bias for Q101 is developed by R104 and R107, and C104-R106 form the us- 
ual emitter circuit. C103 and R105 form a feedback network, which, in con- 
junction with R177 and R174 set the gain of Q101. For a more complete dis- 
cussion of feedback amplifiers and their operation, refer to the "Servicing 
Hints" section of this manual. 


NOISE BLANKER GATE 


The output of the Tirst 
mixer; ZlOljnow atethe ir. tae 
frequency, is coupled to the 
first vials sanplitierns "QL03, 
via blocking capacitor C106. 
R111 and R112 form the bias 
network, while emitter res- 
istor R110 is wunbypassed, 


TIO TI02 


TO Q105 
Teii2 


providing some degenerative RiI2 = 
feedback. Output is devel- FROM. CIOS CRIOI 
oped across a parallel-tuned zio1 > 4 

resonant circuit composed of RII 


O 
N.B. PULSE 


the primary of T101 and C109, 
R114 and C107 form a decoup- 
ling network, while the lat- 
ter also places the upper 
end of the primary ‘of “T1101 
at AG ground, so that C109 
is effectively in parallel 
With lon, 

The secondary of T101 presents a signal at low impedance, which is 
coupled through noise blanker gate Q104 to the primary of T102, where it is 
stepped back up. C112 resonates the secondary of T102. When the noise bl- 
anker circuit detects a noise pulse of sufficient amplitude, the gate of Q- 
104 is fed a positive pulse through CR101, effectively cutting it off and 
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opening its source-to-drain path, thus opening the signal path. Otherwise, 
a ground is applied to the gate via R113, keeping Q104 in an "on" condition. 
C111 and R113 serve to lengthen the pulse at the gate of Q104 to ensure 
positive blanking, 


FILTER BUFFER, FILTER, AND POST FLLTER AMPLIFIER 


Frome. 102, the: signal “is 
coupled to filter buffer amp- 
lifier Q105 via blocking cap- 
aencor oClLIl3. Bias is dev— 
eloped by R115 and R117, wh- 
ile emitter resistor R116 is 
unbypassed, providing degen- 
eration. Output is taken ac- 
ross collector load L101 and 
coupled through blocking cap- 
fortoreciit wo the first L.r. 
pebver,e MElOl. “R118, C108, 
and C115 are a decoupling 
network, 

From filter FL101, the FILTER BUFFER, FILTER, AND 
Signal is coupled through C- POST FILTER AMPLIFIER 
Di6ete the base of post fil- 
ter amplifier Q106, which is biased by R120 and R121. In the transmit con- 
dition, Q106 acts as an emitter follower (discussed in detail in the Trans- 
Nreesection. of this manual ) , while in the receive condition, the output is 
taken from the collector after being developed across load L102. C118 isa 
blocking capacitor. Note that the use of inductive loads and unbypassed em- 
itters in the stages preceeding the AGC attenuator ensure good strong signal 
handling capability. 


AGC ATTENUATOR 


From Q106, the received I.F. 
signal is’coupled. through C118 
and R123 to AGC attenuator PIN 
diode CR102, and thence via C120 
to gate one of pass band tuning 
first mixer, Q108, AGC voltage, 
when required, is applied to the 
base of AGC driver Q107 via volt- 
age divider R129-R130. Current 
is then supplied to the PIN diode 
via R124, causing it to conduct 
to a degree determined by the AGC 
voltage; it acts, in conjunction 
with R123, as a variable voltage 
divider, similar in effect toa 
conventional volume control, and LF. AGC ATTENUATOR AND 
thus provides the AGC action re- PBT Is! MIXER 
quired. Up to about 50 dB of at- 
tenuation is available at this 


point. | ants 


TO PBT 
FILTER 
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PASSBAND TUNING 


Q108, a dual-gate MOSFET, acts as a subtractive mixer, with the first 
I.F. signal applied to gate one, and the passband tuning oscillator signal 
applied to gate two. Bias for gate one is developed across R127, while con- 
necting gate two to the source via R128 makes it operate without bias. Out-— 
put of Q108, now at the pass band tuning I.F. of 13.8 MHz, is taken from its 
drain, 103 and Clo form 2 parallel resonant drain’Joad. CIZ5 aaea coup- 
ling capacitor, routing the signal to the SSB filter via Q110 and to the CW 
narrow filter via Q109, 

Q110, conventionally biased, +10-5V 
acts as an emitter follower to 
drive the SSB aijter, Pli0cw Ars 
ter passing through the filter, 
the signal is coupled» to. 9112 
via C136. Q112 is also an emit- 
ter follower, with its. output 
developed across R144 and bias 
developed by the R142-R143 con- 
bination. C138 is a _ blocking 
capac tor. PBT FILTER AND 

When operating in the CW DRIVERS 
narrow mode, voltage is applied 
to the CWN line through R150 to 
diode switch CRI03. > This volt= 
age reverse biases the base-emitter junction of Ql112, causing it to cease to 
conduct, and thus breaking the signal path. Also, C139 shorts the signal 
path through CR103. 

Signal from the OWN filter 
amplifier Q111 (covered later) 
and from the SSB filter are coup- 
led to gate one of the second PBT +10.5V 
mixer Q113. R148 and R151 are 
isolation resistors, and R152 is 
the gate return resistance for 
Q113, which is also a subtractive 
mixer. Oscillator energy is co- By 
upled to gate two of Gila sin the aui2 
same manner as it was to the first 


RISI 


PB mixer, and the .bias arrange- FROM 

ment is also the same. Output is ba 

taken via C146, now back at the Riss L 
first I.F. frequency of 9 MHz, 

C147 serves the dual function of FROM 
resonating with T1103 and serving he 

as the first element in a low pass 20d PBT MIXER 


filter composed of C147, L104 and 
C148, which filters out unwanted 
mixer products. R157 terminates 
the filter in its required load. 

PBT oscillator Q123 is a conventional Colpitts crystal controlled osc- 
illator ,(with-C203- and C204. providing the feedback capacitive divider. R214 
and R215 form the bias network, while R127 is the emitter resistance. T106 
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and C205 form a parallel resonant collector load. The frequency of the osc- 
illator is adjusted by the application of a voltage from the PASSBAND tuning 
control on the front panel 
through isolation resistor 
hi, avo varicap CRI1O. “Ihe 
range of adjustment is set 
by trimmer C206, while C207 
is a bypass. 

Because the same freq- 
mency oscillator signal is 
applied to both PBT mixers, 
any signal going into the 
first PBT mixer will leave 
the second on precisely the 
same frequency. This is why 
the PASSBAND tuning control 
only affects the relative 
position of the passband and 
has no effect on the freq- 
uency of the signal tuned in. 

The direction of tuning 
of the passband oscillator peep tate 
must be one way for USB/CW 
operation, and the opposite direction for LSB operation for the effect at 
audio to remain the same. When in the LSB mode, a positive voltage is ap- 
plied through CR121 on the audio board to the base of Q108, through limiting 
resistor R164, Simultaneously, 
it is also used-to turn sect- 
ions B and C of switch U110 on. 
section B of Ul10 applies +10.5 
volts to the upper end of the 
PASSBAND tuning control R103A, 
while section C grounds’ the 
other end. Since Q108 is sat- 
mrated, <1ts collector tis low, 
and this voltage, applied to 
sections A and D of U110, turns 
them off. When in the USB or = PBT SWITCHING 
CW modes, however, the LSB line 
Js low, and thusssections A’ and ~ D of Ul10 are on, while sections Band C 
are off. This action reverses the voltage applied to the tuning control. 

Operation of the PASSBAND tuning indicator will be covered in the "Anc- 
iibary Circuits “section of this manual. 


CWN FILTER 


Signal at the second I.F. of 13.8 MHz, from the first passband tuning 
mixer (Q108), is also coupled to the base of Q109. Bias is received from 
the same network that supplies Q110, the filter driver. Q109 acts ag an em- 
itter follower driver for the CW narrow filter, and the required filter ter- 
mination impedance is provided by R138 and R139, while C129 is a blocking 
capacitor. The CW narrow filter is composed of Y101 and Y102, with C131 and 
C133 acting as coupling capacitors and C130 and C134 providing adjustments 
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to properly align the filter re- 
sponse. C135 acts as an output 
coupling capacitor, and carries 

the signal to the base of Q111., 
Power for Q111 is taken from the  ;aoy 
CWN line, and bias is provided  ?!& 
by R145 and R146. Output is 
taken across emitter resistor 

R147 and coupled to the second 
passband tuning mixer Q113 th- 
rough C141 and R148, 


MAIN I.F. AMPLIFIER 


The signal from 9113, now 
again at the 9 MHz I.F., is co- 


+10.5V 


<i49 
Q109g 


R138 


ie nee | ylo2 
c130= = ae C134 


clz9 CI3} C133 C135 


ci32 


NARROW CW 
FILTER 


upled through C151 to the main I.F. amplifier, U101. This integrated cir- 


cuit is composed of two amplifier sections, 


section developed across the R160-L105 
load combination. C154 resonates with 
L105, while R160 broadens the response 
by "swamping" the tuned circuit. C152 
couples the output thus developed from 
the first amplifier section of U101 to 
the second section of the same IC. Out- 
put of the second section is coupled to 
push-pull T104, which is resonated by 
C156. C157 is a bypass. The output of 
T104 is coupled to the product detector, 
Q120. AGC control is applied through 


voltage divider R158—R159,. Overall 
gain of W1CT is up toe70uabe 
PRODUCT DETECTOR/AUDIO MUTE 

+6V 


Carrier “oscillator sen 
ergy is coupled via C186 to 
the base of Q121, which for- 
MS an emitter-coupled pair 
with Q120. Bias is develop- ale 
ed by R200 and R198, acting 
as a voltage divider, and RI98 
R201 and R203 serve as isol- 
ating resistors, while C184 
is a bypass. Q120 and Q121 
act as a mixer, combining 
the I.F. input from T104 and 
the carrier oscillator  sig- 
nals to recover the audio 
frequency of the incoming 
Signal. Output is coupled 
via C182 to an RC network 
composed of R218 and C208, 


-8 


with the output of the first 


+10.5V 
AGC O 


RISB 


MAIN I.F. AMPLIFIER 


PRODUCT DETECTOR 
AND MUTE 


C210 TO 
NOTCH 
FILTER 
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which filters out any undesired mixer products. Q124, 
in series with the signal path, acts as a switch to 
cut off the receiver output AF when in the transmit 
condition. In that instance, the "R" line would be 
low, grounding the gate of Q124 and causing it to act 
as an open circuit. R219 and R220 provide bias volt- 
age tor the source and’ gate. Output of the AF mute 
gate is then coupled via C210 to the base of AF ampli- 
fier Q125, which provides additional gain. Bias is 
conventional, while the emitter resistance is only 
partially bypassed to set the gain (see the "Servicing 
Hints” section of this manual for a discussion of fe- 
edback amplifiers such as this). Output is takenavia 
C213, while C214 provides a degree of high frequency 
rolloff for more pleasing audio response. 


NOTCH FILTER 


| Audio from @125 is 
applied to CR123 and CR- 
124, which act as a lim- 
iter, effectively clip- 
ping off any peaks exce- 
eding approximately + 0.7 
volt. The R172-C143 com- 
bination filters the out- 
put of the eclipper and 
shapes the audio response. Ul101C is connected as a voltage follower, pro- 
viding drive for active filter U101D that is the same amplitude and phase as 
its input, but of a lower driving impedance. 

C144 and R178, with R120A on the front panel, form the series leg of a 
Wein bridge, while C145, R177 and R102B (also on the front panel) form the 
shunt leg of the same Wein bridge. This bridge is inserted in the inverting 
feedback loop to form a notch when combined with the normal audio frequency 
applied to the non-inverting input of amplifier U101D. R176 and R174 form a 
positive feedback path to raise the"Q" of the circuit. 


NOTCH FILTER 


AUDIO POWER AMPLIFIER/RECEIVER MUTE 


FROM 
VOL. WIPER 
©) 


Audio from the output of the notch 
filter is applied to the high side of the 
front panel volume control, and its wiper 
is returned, through R127, to the input 
of audio power amplifier U103. R129 acts 
in conjunction with R127 as a voltage di- 
vider. Receiver mute switch Q104 is con- 
nected between this input and ground, th- . 
rough isolating capacitor C117. When in = 
the receive condition, a voltage on the 
"R" dine holds Q104 in the "open" con- 
dition, allowing the signal to be ampli- 
fied by U103; when in the transmit con- L A.F. POWER AMP 
dition, the "R" line is grounded, turning ~ AND RECEIVER MUTE 
Q104 "on" and shunting the signal to gr- 


SPKR 


Q104 
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ound. C118 and R127 shape the audio response. 


When in the transmit condition, and when sending CW, the sidetone audio 
Signal is applied to the other input of U103; thus, the operator is able to 
monitor his own sending. 

C113 and C114 form an audio shaping network for more pleasing response, 
and C112 couples the output to the speaker, C110 and C111 are RF bypasses, 
C109 bypasses certain internal circuitry of U103, while R130 and C115 pro- 
vide a type of feedback path known as "bootstrap". 


bly ks 
LINE 


AUTOMATIC GAIN CONTROL 


The audio frequency sig- 
nal is coupled to the base of 
Q101 via C101. Bias is set 
by R101, R102 and R103, with 
R101 serving as the AGC th- 
reshold adjustment. When the 
audio peaks are of sufficient 
amplitude, Q101 conducts, wh- 
ich causes a current to flow 
through R105 and the DECAY 
control, a variable resist- 
ance to ground. The voltage 
drop across this combination 
charges capacitor C102, with 
series resistor R106 control- 
ling the charging time, and 
thereby the attack time. When 
the AF signal disappears, C- 
102 discharges through R106 and the R105-DECAY control combination, thus the 
setting of the control varies the decay time of the AGC, 

The voltage across C102 is applied to the non-inverting input of ampli- 
fier U101A. Provided the output of U1O1A is greater than any reverse bias 
to CR101 supplied through CR103 by the I.F. GAIN control, the output of U- 
101A is applied to the AGC line through CR106, and to the S meter through 
calibration control R110 and voltage dropping diodes CR104 and CR105. R107, 
R108 and R109 establish a reference level and the gain or, UIOTAS 

When in the transmit condition, the "T" line goes high, and applies a 
voltage through CR108 to the inverting input of U101A, causing its output to 
go low and remain there so long as the "T" line remains high, thus disabling 
the amplifier. This ensures that the S meter is disabled in transmit. This 
same voltage is applied, through CR107, to the AGC line to force maximum at- 
tenuation of the AGC PIN diode in the IF amplifier chain, and to cut off the 
I.F. integrated circuit amplifier, U101, on the exciter board. This ensures 
that no signal is present in the AGC loop during transmit and full gain is 
available when switched back to receive, 


METER 
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Transmitter Theory 


Microphone Preamplifier. .cecsvecevscose 
Speech PrOCeSSOL..oersevcevvsessessevesees 
Modulation Amplifier. .ececeeveeccvecces 
Balanced Modulator. .cevcessservevecrcvcscece 
Binet: lel. AMPIAL ICY. cece sce cece sesceves 
Noise Blanker Gate.ceccrcecvevseccscvsces 
Mylter Burtery Til teres: clccs 6 00 5 see e's 01 
Transmit Mixer..ccccccocccccccescsccsescses 
Preselector 
Input SWitching. eeesoreeseresercesees 
Bandpass Filters... secovseccescccevers 
Amplifiers. crccccceccecvessescevcese 
Power Amplifier 
Predrivere cvvveccvcececcevsssccsceecs 
Driver Amplifiers. .ccocecessecrscvesecs 
Output Amplifiers. ..eccceveesessecees 
Deeb aS UONULO LL, oes 6s est 0/000 6 08 6s 
Low Pass Filters. cccececccvecesrecescers 
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MICROPHONE PREAMPLIFIER 


The audio signal from the microphone or external input jack is coupled 
through R133 or R135, respectively, to blocking capacitor C122 and thence to 
the base of microphone preamplifier Q103. C119 and C120 are RF bypasses, 
while bias is developed from the collec- 
tor by voltage divider R134-R136. This 
provides feedback to keep the gain of 
the stage fixed. The emitter circuit is ci24 oe 
standard, composed of resistor R137 and vox 


bypass capacitor C123. Output is coup- MIC aios | MIC 
led via (C124 to the VOX circuit and to ee pe @ aa tics 


+8V 


the internal microphone level control. AUX 
SPEECH PROCESSOR 


When the operator desires to use the 
built-in speech processor, a voltage is 
applied, through voltage divider R150-R151, that biases Q107 into conduction 
thus lowering its collector voltage and turning section A of switch U109 off. 
This in turn activates sections B and C of that switching IC, The former 
turns section D off, opening 
the feedback path for UlOMC 


composed of R157, and the lat- FROM rely 
ter completes the alternative PROCESSOR 


feedback path composed of R158, 
CR117 and CR118, 

U1O4C, in this case, op- 
erates aS a compressor. When 
signal peaks at the output of 
the amplifier exceed the bar- 
rier potential of CRI117 and 
CR118 (+ 0.7 volt) these peaks 


are fed back to the inverting -5V 
input of that amplifier, thus ae 
reducing its gain. When spe- To 


ech processor operation is not 
desired, R157 is utilized as 
the feedback path, converting 
U1LO4C into an ordinary fixed- = 
gain amplifier stage. 


MODULATION AMPLIFIER 
U1LO4D is a fixed-gain amplifier, immediately following the front panel 
MIC GAIN control. Feedback is provided by the R162-C135 parallel combinat- 


ion, with C135 providing additional feedback at the higher audio frequencies 
thus reducing gain of the stage in that range, and providing a more pleasant 
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normal sound to the transmitted voice sig- 
nal. The output is taken via C136, with 
C147 providing bypassing for RF energy. 
When operating in the CW mode, or in the 
receive condition, (the amplifier is dis- 
abled by voltages applied through (CR120 
or CR119, respectively, and through R161, 
to the inverting input of the amplifier, 
causing its output to go to its lowest 
limit and remain there so long as_ these 
voltages are present, preventing it from MODULATION AMPLIFIER 
amplifying the transmit audio signal. 


BALANCED MODULATOR 


Z101, on the exciter board, used as the first mixer in the receive con- 
dition, is used as the balanced modulator in the transmit condition. Audic 
from the modulation amplifier is applied to Z101 through R101 and R102, 
Meanwhile, the P.A. bias line, which goes low for transmit, cuts off) Qiice 
removing the voltage applied through R180 and CR105 from the emitter of Q117 
which allows it to operate as a normal amplifier, This voltage, present in 
the receive condition, reverse biases 
the base-emitter junction of Q117, dis- 
abling it when it is not needed, 

Carrier oscillator energy is coup- 
led through C173 and R184 to the base 
of Q117, where it is amplified. Out- 
put is taken from the emitter, through 
R181 and C171, and applied to the base 
of Q101, (In the receive condition, 
local oscillator energy is coupled th- 
rough Q115 to the base of Q101, but 
this path is interrupted in the trans- 
mit condition). Q101 is a feedback am- 
plifier, with its gain determined by 
the ratio of feedback resistor RLOSe°.0 
the input series resistor, R181. Bias 
and emitter circuits are conventional, 
and output is taken from the collector sia Gacnettn occ iee 
of Q101 through a winding internal to af. 
Z101. The DSB suppressed-carrier out- 
put is taken through C106, (For 
internal circuitry of Z101, see the Servicing Hints section of this manual.) 


FIRST I.F./NOISE BLANKER GATE 


The DSBSC output of Z101 is coupled to the first I.F. amplifier, Q103, 
via C106, R111 and R112 form the bias network, while emitter resistor R110 
is unbypassed, providing some degenerative feedback, Output is developed 
across a parallel-tuned resonant circuit composed of the primary of T101 and 
C109. R114 and C107 form a decoupling network, while the latter also places 
the upper end of the primary of T101 at AC ground, 
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The secondary of T101 pre- 
sents a signal at low impedance 
which is coupled through noise 
blanker gate Q104 to the pri- 
mary of T102, where it is step- 
ped back up. (C112 resonates 
the secondary of 1102. In the 
wransmit condition, the noise 


TI02 
TO Q105 


EI=Gilii2 


blanker gate is held in the on Ril2 = 
condition at all times. FROM. C106 

Z 101 Let 
FILTER BUFFER AND FILTER RIN 


Rin PUtSE 
From T102, the signal is coup- = 
led to the filter buffer amp- 
lifier, Q105, via blocking 
Capacitor C113. Bias is de- 
veloped by R115 and R117, wh- 
fle emitter resistor R116 is 
unbypassed. Output is taken across collector load L101 and coupled through 
blocking capacitor Cll4 to the first IF filter, FLIO1l. R118, C108 and C115 
are a decoupling network. BEN 

Rrom favter FLIOL, the 
signal is coupled through C116 
to the base of post filter amp- 
lifier Q106, which is biased 
by voltage divider R120 and R- 
ii. ln the transmit condition 
Q106 acts as an emitter follow- 
er, with its output coupled via 
G780 and R197 to the transmit 
mixer driver, Q119. 


FIRST |.F AMPLIFIER & 
NOISE BLANKING GATE 


TO 
Q108 


TRANSMIT MIXER 


As mentioned above, the 
seenal, trom thes post; iilter 
amplifier, 9106, which is now 
a single sideband, suppressed 
carrier signal at the IF freq- 
uency of 9 MHz, is coupled to 
transmit mixer driver Q119. 
This stage has conventional 
bias, an unbypassed emitter, FROM 
and its output taken from the ais 
collector through a winding of 
2102. This winding is de- 
coupled by R196 and C179. Bias 
supply comes from the T/S line 
trom, the’ control circuitry, 
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which will be covered later. 

Local oscillator energy is coupled to the base of the other driver, Q- 
118. The gain of this stage is determined by the ratio of feedback resistor 
R190 to input resistor R187; C174 and C176 are merely DC blocking capacitors. 
The emitter of the stage is bypassed conventionally. Output is taken from 
the collector through a winding of the transmit mixer, Z102, a doubly balan- 
ced mixer assembly identical to that used for A101. 

L.O. drive is connected to Z102 
through an amplifier/buffer network + 8V 
contained on the exciter board also. 
Signal from the local oscillator 
board ‘is applied to butfer Gia via C166 
C164, Output is taken from the R165 ao 
portion of the emitter resistance, 
and coupled through R166 and C163 to 
the counter board, to provide the 
signal for the front panel digital sos 04 
dial, while the remainder of the em- 
itter resistance, R164, is bypassed 
by C162. 

Signal is also taken from the 
collector of Q114, coupled through eee 
C165, and applied to the base of 
Q115. The emitter resistor of this 
stage is unbypassed, creating some = 
degree of degenerative feedback, and 
the output is taken via C174 and R187 to the mixer driver, Q118. 


‘| 
g 
2 


R173 


C163 L.O. BUFFERS 
& SWITCHING 


PRESELECTOR--INPUT SWITCHING 


TO ALC 


Output from transmit mixer Z102 
which is now at the desired operat- 
ing frequency, is “coupled sto the ce 
same preselector board used in the 
receive portion of the transceiver. 
It is coupled via C108 and C110 to 
the input of the band preamplifier JI32 
filters wien the hus ine sts chet, LOTT aR Tete ee 
biasing switch CR109 on through L102 Tx INO RU3 PREAMPS 
and R113, Since the "R" line is low a 
under transmit conditions, the volt- 
age dropped across R113 reverse 


PRESELECTOR 
’ BOARD 


TO Q106 INPUT SWITCHING 


cio 


biases receive switch CR108, discon- “7 TO TX PREAMP 
necting the receiver input from the cis 
preselector, = 


PRESELECTOR--BANDPASS FILTERS 


since operation of all of the individual band filters is identi- 
cal, only one, the 80 meter version, is discussed here. These filters are 
selected by the BAND switch on the front panel of the transceiver, utilizing 
the control lines from S103 on the Bandswitch/Low Pass Filter board. 
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The voltage from the 80 
meter control line is coupled 
through isolating resistor R- v 
Ri, theeprimary of T104,.and 
CR112 to the output of the cua 
Switching circuitry discussed 
in the previous section, wh- 
ere it is provided with a ae, 

CRiI2 TO 
ground return path through R- ClO ci2sT TH9 
114. C119 provides a ground Ws=> = eet 
for the signal at one end of 
the primary of T104, The 80 M BAND FILTER 
Signal is then passed through 
diode switch CRII2Z2 to T104, 
while the voltage drop across 
R114 reverse biases the cor- 
responding diode switches in 
the other filters. 

The secondary of T104 is resonated by the C120-C122 series combination, 
and they also act as an impedance transformation voltage divider. T105 and 
Ci21 form a series resonant circuit, and its output is coupled to C124-C125, 
which again transforms the impedance of the signal line, and also resonates 
with output transformer T106. The combination of the two parallel resonant 
circuits and one series resonant circuit forms a bandpass filter of excel- 
lent characteristics. Output switching is provided by R118, in conjunction 
with CR113, in a manner identical to the input switching scheme. 

The output of the preselector 
filters is coupled to the preampli- 
fier stage, Q101, via autotransfor- 
mer T119 and coupling capacitor C163. +10.5V 
R127 provides a DC path to ground t 
for the switching diode, while C159 
effectively grounds the bottom of 
M119 for the signal. 

Bias. for QI01 “is provided by Romane 
both the source circuitry and the ALC 
Rize-RiZ9) scombination, "So far ‘as 
gate two is concerned, the bias is 
determined by the source network and 


oT Toe6 


what ALC is applied to it from the FROM 

ALC circuitry, to be discussed later. FILTERS 
CR122 and CR123, biased in the for- 

ward direction by the voltage appl- Wp ae ae 
ied to R150, provide a fixed drop of a pte 


approximately 1.4 volts, while ad- 
ditional bias is supplied by the 
drop across source resistor R132. 
C160 and C161 are both bypasses. 
Output, via C165, is taken from Q101 and applied to transmit preampli- 
fier Q102, which is a conventionally biased emitter follower stage. This in 
turn is coupled via C170 to frequency-equalizing network R138-C171, and then 
to the base of feedback amplifier Q103. Gain of this stage is determined by 
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the ratio of R140 to the in- 
pedance of the R138-C171 con- 
bination, Bias is applied 
only in the transmit condition, 
from the "T" line, via voltage 
divider RI41-R142, The emit- 
ter circuit is composed of 
R143 bypassed by C172. 

Output is taken from a 
tap on autotransformer L104 
and coupled through C168, pro- 
viding a low impedance signal 
that can be coupled through a 
coaxial cable to the power 
amplifier board with minimum 
Joss... €167 and R139 forma 
supply line decoupling net- 
work, 


POWER AMPLIFIER 


TRANSMIT PREAMP 


From the preselector, the transmit signal is applied to PA predriver 
Q101 on the power amplifier board via coupling capacitor C104. Since Q101 
is a feedback stage, its gain is set by the ratio of feedback resistor R103 


to input resistor R102, while bias is 
taken from the PA bias line via voltage 
divider R101-R104, The emitter circuit 
is conventional, and the output is taken 
via T101, which provides a _ push-pull 
signal for the following driver stages. 
C105 and ferrite bead FB101 provide de- 
coupling for the collector supply line. 


FROM 
BIAS LINE 


RIOT 
DRIVER 5 FBIO2 
AMPLIFIER 


Clo6 CRIOI 


RS 


+14V 


TO 
ORIVERS 


The driver amplifiers, fed 
by transformer T1101, are sup- 
plied bias via the center tap 
of that transformer and RF ch- 
oke L101. R107 and CRIOV form 
a forward-biased diode regulat- 
or circuit to control the age 
ount of bias supplied. Gigs 
C107 and C108 are bypasses. 

The. G123,. ~RLO9,“RELOcame 
R111 network assures the cor- 
rect load impedance on the sec- 
ondary of T101. The R113-C109 
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and R112-C110 networks provide feedback for the stages. C111 helps to pro- 
vide proper frequency response at the primary of the interstage transformer, 
T102, while C112 and FB102 provide required decoupling of the supply line. 

Power amplifier stages Q104 and 
Q105 both are also driven in push- ite +14V 
pull, from the secondary of trans- 
former T1022, Bias is supplied in a 
manner similar to that of the driver 
stages, and again, a network com- 1 
Posed of Cll5, R115, R116, R117 and R 
R118 assure proper termination im- 
pedance for the secondary of T102. 

Feedback networks are provided for 

these stages also, and output ap- 

pears across the secondary of T1103. 

C118 and RFC L103 provide supply de- FROM 
coupling. 

The bias line for the PA board 
is controlled by Q106. Normally, the 
base of this device is held at the 
+14 volt supply potential through 
mene thus <cubting it off, When, 
however, the transmit mode is acti- 
vated, the T/R switching circuits 
ground the lower end of R121, thus 
lowering the voltage on the base of Q106 and allowing it to saturate. This 
energizes the bias line and all circuits supplied from it. 

Capacstors, sGlo7, Cl22 and C119 ‘on 
tiesbias linc, and ClOL. CLIW and Cy21 


ORIVER 


AMPLIFIERS 


+14V LINE ’ 
TO PA q O +14 on the +14 volt supply line assure good 
Pon Le Cee RI20 bypassing at all frequencies from audio 
STAGES eee en : 
clor cna ci2i TocTradro. 
BIAS LINE Ri2i 


FROM T/R SWITCHING 
PA BOARD BIAS 


The output from the power 
amplifier is coupled to switch 
S101 on the bandswitch/low pass 
Hacer board, and thence thr- 
ough the appropriate low pass Kioi @ 
filter for the band selected, 
and. oute through 2102 to the 
wattmeter/SWR board (covered 
later). Each of the low pass 
filters on this board is a five 
pole type, designed to greatly 
attenuate out-of-band harmonics 
and spurious outputs, 
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Oscillator Theory 


Band Voltage Controlled Oscillators....... 
Permeabriity Tuned Oscillators: (PTOs)..%-< 
Perm Wish CUE crn velela oe a.a\ pW oie a lela oleteree nie evc's 
OCS OSCILLA TOT MT XOY. 6.4.0:is oe a's 0 eiase'e 2 eve 
Wane gOS CANAL OMe 5:6 cn sevcre'o sielbieielore sls 0's « 
CWP TceTOMemOSCad PALOFs sess cise etsle.o 9's 00's 
PoVowlt.Oseil lator/Resulator. ss .e6aedesess 
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BAND VOLTAGE CONTROLLED OSCILLATORS 


Each of the six bands has its own voltage controlled oscillator (VCO) 
that operates at a frequency 14.5 MHz higher than the low edge of the band 
itself. kach of these VCOs is the same as the other, with the exception of 
the values of the frequency sensitive components, so only one will be discus- 
sed here, that for the 160 
meter band. 

The- oscillator. circuit-is 
derived from the basic Colpit- 
tecoscillator, with C103 and 
C104 providing the tapped cap- 
acitance for feedback, LO} 
and the parallel combination 
of varicap CR1O1 and C102 pro- 
wade stie vuned circuit,  Volt— 
age applied by the error line erro 
through isolation resistor 
Btot tunes the -varicap. . C101 
isa blocking .capacitor, and 
bias is developed by voltage BENDS Ce 
divider R102-R103. Output is 
taken through blocking capac- 
itor C105 and series resistor 
R105, and is filtered by a low 
pass filter composed of inductors L101 and L102, with C107, C108, and C110. 

The output of the filter is coupled through series resistor R107 to a 
line common with the other five oscillators, and to the base of summing amp- 
lifier Q107. R144 and C160 pro- 
vide a feedback path from col- 
lector to base of this stage, so 
the gain of Q107 is determined 
hyeecne a ratliovor shit to %RL07. 
(See the "Servicing Hints" sec- 
tion of this manual for a dis- 
cussion of feedback amplifiers). 
Biagcetormoll/7= is eeconventional, 
eseis the emitter.circuitry. The 
collector of Q107 is directly 
Goupled. to “thes base. of 9108, °° 
making them into a high-gain 
compound pair. Output to the 
L.0. mixer is taken from the 
emitter of Q108 through C169 and 
R159, while an additional out- 
put is taken from the collector 
through R150 and C162, and applied to the base of amplifier Q109. This stage 
then drives level translator Q110 through C164, and bias is applied through 
dropping resistor R156. The output of Q@110, now a square wave at a TTL-com- 
patable level, is directly coupled to the prescaler of the band phase locked 
loop. (See the "Servicing Hints" section for a discussion of the PLL.) 


TO L.O. 
MIXER 


BAND VCO 
BUFFER AMPLIFIERS 
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U101, a dual J-K flip flop, is used as a divide-by-four prescaler for 
the divider chain. Its output is coupled to the clock inputs of U102 and 
U103 in parallel. The outputs of U102 and U103 are gated through U1O4A to 
produce an output pulse when the counter has completed its counting cycle; 


this pulse is then inverted through ULO4B, 


tector driver, 9123. 

Programming of counters U102 and 
U103 is accomplished by the diode ma- 
trix composed of CR121 through CR129, 
and memory U105. For 160 meter oper- 
ation, all five input dines =to,c105 
are low, or binary 00000; for 80 me- 
ters, the . coding, 15,00001., for 40; 
O001L0: for/207,-0C001s* for 15, 00100 
for TOA, OOlODS Torsion, OOtVO. stor 
100’, 01000; ‘and for’ 10, 10000, band 
program memory U105 decodes these ad- 
dresses into the bit combinations nec- 
essary to set the required division 
ratios into counters W102 and Ul03e as 
shown in the accompanying memory map 
of UlLO5. 

Additional diodes (CR130 through 
CR133) are connected to the 10 meter 
control lines which provide a common 
10 meter bus, regardless of which seg- 
ment of the band is selected by the 
BAND switch, and is used to energize 
the 10 meter VCO and 10 meter L.O. 
filter. 

The output of the programmable 
divider is coupled through R232 to the 
base cof driver’ Q12>,. dts output ac 
coupled to the phase comparator, U109. 
The other input to the phase compara- 
tor is the 125 kHz signal from U101B, 
the loop reference oscillator and di- 
vider. Y101 controls the frequency of 
the oscillator Sat. d2..Mize with C2u6 
providing a means of adjusting the 
calibration. 

Output of the phase comparator, 
U109, is coupled through R233 to the 
inputs of two amplifier stages, U110A 
and U110B. Capacitor and resistor 
combinations C248-R233 and R239-C249 
form the loop filter. For 160 through 
15 meter operation, U110A is used as 
the error amplifier, with its output 
driving the varicaps in those band 
oscillators; for the 10 meter band, 
U1O1B, with higher gain, is used to 
drive the varicap of that band's osc- 
jillator. More gain is required be- 
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cause the higher divider numbers also 
reduce the loop gain. 

In this manner, the band VCOs are 
constrained to oscillate on precise 
multiples of the crystal controlled 
reference frequency of 125 kHz. The 
exact multiple is the total division 
performed on the VCO frequency, in- 
cluding that of the prescaler. 


PERMEABILITY TUNED OSCILLATORS 


There are two identical permeab- 
ility tuned oscillators in the ASTRO 
102BX. Only one is described here. 

The permeability tuned oscillator 
is the primary means of varying the 
frequency of the transceiver. It is 
Seolprets. circuit, and the tuned fre- 
quency is determined by L601 in par- 
allel with the appropriate capacitors, 
CR601, C603, C604, C605 and C606. The 
frequency tuned is 5.0 to 5.5 MHz, and 
this combination of capacitors is ch- 
osen to provide temperature compen- 
Satiom for low drift, and must be re- 
placed with exactly the same types to 
Meainvain this istabllity, if replace- 
ment becomes neces- 
sary. 

R606 provides a 
DC return for the 


gate bias of Q601, 
which is developed 
by R609. Feedback 


to sustain oscillat- 
ion is achieved by 
the C609-C610 divid- 
er combination. The 
drain is decoupled 
to ground by R610 
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and C611, while the 
output is taken from 
the source to drive 
FET buffer Q602. 

The bias gen- 
erated by source re- 
sistor R613 of Q602, 
whose value is_ set 
by the desired out- 
put impedance, is 
greater than is de- 


sirable for this FET; 
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by the R611-R614 combination. Output is taken via low pass filter C614-L604 
-C615 to assure good spectral purity. 

When operating in the USB mode, the required frequency shift is set by 
C608, which is switched in parallel with the tuned circuit by CR602. 

When RIT is used, the required shift is obtained by varactor diode CR- 
601, connected in parallel with the tuned circuit by blocking capacitor C602. 
The D€ tuning voltage for this varactor is applied through the R601-R602 
combination, and is decoupled by C601. C606 is a calibration control. 


PTO SWITCHING 


The switches are used 
for the PTO outputs; only 33 
one will be described here, 
as both are identical and ae 
the description of one will fee oa 
apply equally to both. 

A control voltage, the 
generation of which will be 
discussed later, is applied 
to decoupling RF choke L502 PTO A SWITCH AND sis 
from 9504, C519, C515 and PTO BUFFER pro kere 
C516 are bypass capacitors. out 
This voltage is applied to 
PIN diode attenuators CR503 
and CR504 through isolating 
resistors R520 and R517, 
Causing the diodes to pre- M 


sent a low resistance to 

ground. Since the signal dl R502 oe 

from the PTO passes through ae 

R521 and R519 (as well as > CL 

blocking capacitors C518 eer uly 

fs see it is woe ae a = |+ev PTO SWITCHING PIN 
ese two resistors, wi : 

essentially none passing es opt pape pb se 

through to the base of the eal 7A eo OnOn 

buffer, Q505. Thus, when nee 1G 

this control voltage is re- FE X 

moved, the PTO output is er ac) SWITCH +ev 

allowed to pass to the buf- A a 

fer. Q505 is a summing an- ap eli, Y 

plifier, with its gain de- O"R" LINE I 


C519 R520 
Le 


termined by the ratio of R524 


> 
R512 to R518 (and oth , ES = E ee 
ce) an Oo ers, RIT R537 
when the other section is alle a ca) fxs 
in use). Bias and emitter R827 R53! ° To RIT~ 
circuitry are conventional, wires 
and output is taken from 
the collector through low 
pass filter (C512-L503-C513 
to assure that no harmonics 
or spurs are passed on to 
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the mixer. In the off condition, the switch provides greater than 100 dB of 
attenuation to the unwanted PTO output, 

The control signal for the PTO switching circuitry is derived from the 
front panel PTO switch. In the PTO A position, +8 volts is applied to the 
PTO B_ switching circuitry directly through the switch contacts, thus disab- 
ling PTO B. It is also applied to the base of Q503, Causing it to saturate; 
Since Q504 is direct coupled to its collector, the latter is then turned off 
and no voltage appears on the PTO A control line, allowing its signal to 
pass and appear at the output. 

In the PTO B position, no voltage is applied to the PTO B line, allow- 
ing it to function, and Q504 is turned on, allowing voltage to appear on the 
flO Aycontrol line, disabling PTO A. 

For split operation, "R" line voltage is used (through the PTO switch 
on the front panel) to drive the PTO B control line and the Q503-Q504 com- 
bination. Thus, which PTO is turned on depends upon whether the "R" line is 
high or low (receiver on or off). For reverse split operation Q@501 and 
Q502 provide an inverted "R" line voltage (+ for wransmit,, Oetor receive) 
which is used instead. 

When the RIT switch on the front panel is on, and the transceiver is in 
the receive condition ("R" line high), AND gate U502A is on, and its output 
is high. This high is coupled to one input of U502B and U502C. The other 
inputs of each of these AND gates is connected to the PTO A and PTO B con- 
trol lines, respectively. Thus, when the PTO B control line is high (and 
the PIO A line is low), analog switch U503A is turned on and the voltage 
from the RIT control wiper is applied to the RIT input of PTO A. R536 and 
R537 provide center adjustment for the RIT circuitry in the PTO. 

When the PTO A control line is high, the remaining section of the AND 
gate is on, turning on U503B, and supplying the RIT control voltage to PTO B. 
A center adjustment similar to that for the A PTO is included in the circuit 
although not shown in the diagram, for simplicity. 


LOCAL OSCILLATOR MIXER 


+8V 


Output from the band synthe- 
sizer (VCO buffer) is applied to 
mixer driver Q111 through block- 
Paeeecapacitor C169. Ql11- 4s a 
feedback amplifier whose gain de- 
pends on the ratio of R160 to 
R59, and its output is applied 
to one input of the L.O. mixer 
Z101, which is a doubly-balanced oat RI59 
mixer identical to others used in oA 
tig@omtrancceivers Also, therxout—- ~sucrcrs 
put of the selected PTO is ap- 
plied to Q112 through blocking 
Capacitor cl 75. nis tage too, 


FROM 
PT 
Ri67 BUFFER 
ko 


Cclé9 ci7s 


is a feedback amplifier, with its in Cir = beat G 
gain determined by R167 and R168. Ox 

Its output is similarly coupled SN el yiery ee 
towauol., AMPLIFIERS 


Output of Z101 is at the op- 
erating frequency plus 9 MHz, and 
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is processed through one of six 
bandpass filter-amplifier com- 
binations. Since all six are R170 
identical in operation, only 
the 160 meter version will be 
discussed here. 

Collector and switching 
power comes from the 160 meter 
Control shine. R171 supplies 
bias for amplifier Q113, and 
also biases switch CR107 on; 
the voltage drop across its 
ground return resistor (not 
shown in the simplified dia- 
gram) reverse biases similar 
diode switches in the other 
bandpass filter circuits. 

Q113 operates without an emitter bypass capacitor, and is therefore a 
bit degenerative; its collector is composed of a parallel resonant circuit 
formed by T107 and the C179-C180 combination. Output is taken from the low 
impedance tap between these two capacitors, and coupled through series res- 
onant circuit T108-C183, then stepped back up to higher impedance by the 
output parallel resonant circuit T109-C182-C184, Output switching is via 
CR108, biased on through R173, the secondary of 1109, and R218. C185 isa 
bypass for the signal. Again, the voltage drop across R218 reverse biases 
the output switching diodes in 
the other filters. 

When the PTO switch on the 
front panel is in the EXTernal 
position, a voltage is applied 


LO BANDPASS FILTER/ BUFFER 


through R191 to CR115, and th- RI97 

ence to the emitter of L.O. FROM EXT/INT EXT. 

buffer Q117. This reverse bias- lunes L.O. L.0. 
SWITCHING 


es this stage's base—emitter 
junction, preventing internally- 
generated L.O. energy from be- fe 
ing passed on. At the same time 
the voltage drop across R195 re- 
verse biases CR116 (since the 
INT line is low) and Q118 acts 
as a buffer for externally sup- 
plied 1.0... 61enal «cand. ites 
passed on through R196 and C215 
to the L.0O. output amplifier, 
Q120. 

When the PTO switch is in 
any other than the EXT position, 
the INT and EXT voltages are re- 
versed, and internally generated 
L.O. signal is passed on to Q120. 

Q120 and Q121 are directly coupled, and amplify the L.0. signal select- 
ed by the switching circuit. The emitter of Q120 is wired conventionally, 
while R206 and R207 are the bias divider. Feedback from the emitter of Q121 
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to the base of Q120 is provided by the R209-C231 network. Output is taken 
from the emitter of Q121 through C232 and R212, and routed to the exciter 
board e 1 


CARRIER OSCILLATOR 


Since the ASTRO 102BX utilizes 
only one crystal filter, the car- 
rier oscillator frequency must be 
shifted appropriately when select- 
ing USB, LSB or CW modes, so that 
the signal will fall within the 
pass band of the filter. Only one 
oscillator is used, with a crystal 
switching scheme used to select the 
proper crystal, depending upon the 
mode selected, 

Q122 is the oscillator, with 
bias provided by R206 and R207. 
Feedback is provided by C188 and C- 
189. R205 is the emitter resistor. 
The collector load is comprised of 
T105 and C187, which form a paral- 
lel resonant circuit. R204 and C- CRRnEHROSCAVATOR 
190 form a decoupling network, 

in the G58 mode, a+ volts.” 
is applied through 1106 which for- 
ward biases diode CR106, with R208 
serving as aground return. In this manner, C196 effectively grounds the 
lower end of C194 and C195, placing Y103 into the circuit between Q122's 
base and ground; the oscillator then operates at Y103"s frequency, as trim- 
med by C195. 

At the same time, the voltage drop across R208 reverse biases CR107, 
preventing Y104 from having any effect on the oscillator frequency. In the 
USB or CW receive modes, the + voltage is applied via L107 to CR107, forward 
biasing it in the same manner as CR106 in the LSB mode. CR106 is now re- 
verse biased, and Y104 controls the frequency of oscillation. The exact 
frequency is set by C198. 

When transmitting in the CW mode, an offset is desired to place the 
signal into the passband of the IF filter, In the ASTRO 102BX, this offset 
is approximately 800 Hz from the receive condition, and is provided by "pul- 
ling" the frequency of Y1O4, In transmit, the CWX line is high, forward 
biasing CR108 and reverse biasing CR109. (C199 and C200 now affect the freq- 
uency of Y10O4, and C199 is adjusted during alignment to provide the desired 
frequency offset. 


CW SIDETONE OSCILLATOR 


When operating in the CW mode, a sidetone is provided in the transc- 
eiver's loudspeaker so that the operator may monitor his own sending. This 
signal is generated by CW sidetone oscillator U101B. The frequency of the 
sidetone is determined by the positive feedback path for U101B, that is, C- 
106, C105, and R118. The gain of the stage is determined by the inverting 
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feedback path, R121, CR125, CR111 and R120, with the diodes providing a lev- 
eling action for the oscillator 

output. The output is applied 

to sidetone level control R124, clos —saRI22 

and thence to the audio freq- 
uency power amplifier via coup- 
ling capacitor C108. 

Keying of the sidetone 
oscillator is accomplished by 
Ql02 and Q103. When in the CW 
mode, CR110 is reverse biased, 
but the base of Q102 is held 
low by the "T" line, maintain- 
ing Q102 in a conducting state. 
When the key is closed, the "T" 
line goes high, allowing the = 
base of Qlo2 to rise, and cut- 
ting off conduction in R116 in 
the collector circuit 

Thus, when the key is closed, and the MODE switch is in the CW position 
the base of Q103 is low due to the fact that Q102 is not conducting, and it 
does not conduct. This allows U101B to oscillate. When the key is opened, 
the "T" line goes low, CR109 conducts, and the base of Q102 is grounded. It 
thus conducts, creating a voltage drop across R116, and biases Q103 on. This 
prevents U101B from oscillating. 


-5 VOLT OSCILLATOR/REGULATOR 


The negative five volts DC required 
by various portions of the transceiver 
circuitry is provided by oscillator U- 
103, a timer IC connected in the astable 


R123 
SIOETONE LEVEL 
Ri24 


rRi25 


ation. Output is taken through capac- 
C114 and C115 are an integral part of 
illator output. Their individual vol- —SV OSCILLATOR 
The negative voltage thus generated is regulated by the combination of 


mode, The frequency of oscillation is 
set by the R143, R144 and C112 combin- 
itor (€114, and applied toa voltage cll4 CRIS = RI46 
doubler composed of CR118 and CR119. + ey 
CRUG CHS 
I+ & +Tcus 
the doubler circuit, charging alternate- iF» lik =e 
ly on different half-cycles of the osc- 
tages add during discharge, providing AnD RESCUE ALON 
the required voltage doubler action. 
dropping resistor R146 and zener diode CR120, in a conventional zener reg- 
ulator circuit. Output is filtered by C116. 
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Ancillary Circuits 
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FREQUENCY COUNTER 


The ASTRO 102BX uses an accurate, crystal controlled time base and a 
frequency counter to provide the operator with a digital display of the 
transceiver's operating frequency. This counter measures the local oscil- 
lator frequency, corrects for the fact that this is 9 MHz above that which 
the transceiver is receiving or transmitting, and displays the results. 

The incoming local oscillator signal, taken from the emitter of Q114 
on the exciter board, is amplified and processed by the counter input amp- 
difier, R102, R103 and R104 form an attenuator network, used to reduce any 
spurious signals generated in the counter, preventing them from being coup- 
led back into the receiver circuitry. The overall design of the counter in- 
cludes extensive planning to prevent "counter birdies"--an unfortunate phe- 
nomenon in all digital dial radios. This includes the solid shielding box 
and cover that the counter is enclosed in, feedthrough capacitors on leads 
penetrating this shield, high isolation amplifiers, input attenuator, etc. 
The results are that the unavoidable spurs are reduced to insignificant 
levels. The technician is cautioned to exercise particular care in main- 
taining the integrety of this shielding. 

C104 couples the signal to the base of the first of two devices con- 
nected as a compound pair, Q101 and Q102. Bias for Q101 is provided by con- 
ventional voltage divider R105-R106, and the drop across its emitter resis- 
tor, R107, provides bias for Q102,. The emitter resistance of Q102 is div- 
ided into two parts, R108 and R109, with the latter bypassed by C105. This 
arrangement compensates for the inherent 6 dB-per-octave rolloff in trans- 
istor gain, thus levelling its response over the range desired. Output from 
Q102 is taken via the collector, coupled through C106 and R113, and applied 
to the base of Q103. This stage is conventional in all respects, with R114 
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and R110 forming the bias network and R111, bypassed by C109, the emitter 
circuit. The output of Q103, now gain-levelled and amplified, is applied to 
the base of Q104 through 
C108. Since the desired 
output of this stage is 
a square wave suitable 
for driving the counter 


RIOS 
prescaler, and linearity 
is no longer of import- ace AD les 
ance, Ril7 “surfices: to aTae 


provide bias for Q104, RIO 
The collector is direct- = 
ly*coupled to - “the input 
of the prescaler. 

U102, a divide-by- 
ten counter, reduces 
the frequency of the = 
incoming signal from 
the input range of ap- 
proximately 10.78 “to 39 
MHz (9 MHz above the transceiver operating frequency) to 1,08 to 3.9 MHzeiow 
the input -of the counter proper. It is cleared at the end of cachecoaae 
cycle by the negative-going pulse on the clr line, This line provides the 
necessary gate function to drive the counter proper. 

The counter chain is conventional, with two exceptions; the output of 
the prescaler is still too high for reliable operation of the CMOS devices, 
particularly complex devices such as counters, on a 5 volt supply; hence, in 
this decade, a low-power Schottky device is used. This counter, the least 
significant figure decade (100 Hz on the display), counts using the conven- 
tional BCD code, and its four output lines drive U105, a combined storage 
latch, decoder, and seven-segment display driver. When the end of the count 
cycle is reached, the xfr line is brought momentarily low causing the latch- 
es in U105 to accept the data being fed to it by U1LO4, and to store it unti 
updated at the end of the next counting cycle. This data is then decoded, 
and the proper segments of the display, CR201, are activated, displaying the 
count. CR201 is a common anode type of display, so grounding the input pins 
for the appropriate segments will cause them to light. Current is limited 
to the correct value (15 mA) by internal circuitry of U105, R119 is used to 
provide a path to ground for the decimal point of CRZ01, and to Jimpoeiee 
current, so -that it as Lighted) at all times, tne radio ison, 

The second somewhat unusual feature of the counter is that the output 
of the LSD decade is not taken from the counter "carry" output, for the 
pulse presented here is much too narrow for the following, CMOS decade. In- 
stead, output is taken from the Qp terminal, through current limiting res- 
istor R120, and applied to the base of Q107. The collector, with pull up 
resistor R121, is connected to the input of the next decade counter, U106,. 
The pulse thus obtained is much wider than that presented at the "carry" 
output, and is inverted to the correct polarity. 

The subsequent decades of the counter are all of the CMOS family--U106, 
U108, U110 and U112, Each has a "carry" output which is used to drive dir- 
ectly the "up count" input of the subsequent decade. Each has four BCD 
coded data output lines which are connected to the latch/decoder/driver IC 
corresponding to that decade, i.e,., U107, Ul09, Ulll and Ul13, = tachsor 


6-2 


COUNTER INPUT 
AMPLIFIER 


G cusic 


COMMUNICATIONS 
SWARM DIVISION 


these in turn operates the appropriate display indicators. The latches are 
all strobed once per count cycle to update the display, in the same manner 
as described for U105. 

In order to read the incoming frequency correctly, to the nearest 100 
Hz, the counter would have to be gated "on" for 10 milliseconds; however, 
Since we use a prescaler with a divide-by-ten ratio, we must extend the 
count cycle time to 100ms. This is accomplished by the clr line of U102, the 
prescaler., It operates, and passes on its output pulses, only when that line 
is high; thus, for the time it is low, the counters stop, but store their 
present count while the latches are strobed, thus_passing that count to them 
(and the displays), and then are preset by the rst line, ready to start the 
next count cycle. 

Unfortunately, it takes a finite time to COUNTER TIMING CHART 
(a) stop the counting, (b) transfer the count 


to the latches, (c) clear the counters and 100ms 5m 
(d) start the next count cycle. This is ac- | | | 
complished, as shown in the accompanying co- DUTTA LAL. 


unter timing chart, during the 25 ms immed- ! 


iately following the counting portion of the ty | | ] | | | | | A 


counting cycle. This overall cycle trans- : ; 


lates to a rate of eight updates of the dis- toa o 
play per second. 
For a laboratory-style frequency counter aT 6 ro 
each decade would be reset to zero (BCD 0000) ae 
at the end of each complete count cycle; but ke eee eB RST 
here, we have to account for the fact that uM, 
the frequency being counted is 9 MHz above mri =. lest EUR 
the operating frequency, and for the fact ‘ 
that we have different offsets (carrier osc- 
dilator frequencies) for USB and LSB operation. This makes it necessary to 
preset the counters to a number different than zero in order to compensate. 
When operating in the USB mode, the number to which the counters must be 
preset are (MSD to LSD) 09967; in the LSB mode, it is 10000. This is ac- 
complished by hard-wiring the USB and LSB lines to the appropriate load in- 
puts of the counter chips, and using the rst line to drive the "load" con- 
trol pins. Then, when the active counting portion of the count cycle be- 
gins again, each counter advances through zero (overflow) to a value approp- 
riate for the transceiver operating frequency, and this value is displayed. 
Any carry from the MSD counter is discarded and ignored. 

Another way of stating the matter is that the counters are preset to 
the above numbers, which correspond to a number that is 9,000.0 (or 9,003.3) 
subtracted from the overflow value of the counter chain, i.e., 10000.0. 
This is, in fact, a negative number, although the counter does not recognize 
it as such---in this way, the counter subtracts the carrier oscillator freq- 
uency from the L.O. frequency, as is required for a correct display. 

It is not necessary for the 10 MHz digit to be arrived at by a counter, 
and to do so would add unnecessary complexity to the circuit. Instead, it 
is hard-wired such that, when the BAND switch is on the 160 through 40 meter 
positions, it is extinguished; when it is in the 20 meter position, Q109 is 
saturated and segments B and C of the display are grounded through approp- 
riate current limiting resistors, and the numeral "1" is therefore dis- 
played; and in the 10 and 15 meter positions of the BAND switch, Q108 is 
saturated, grounding the current limiting resistors for segments A, B, D, E 
and G, thus displaying the numeral "2", 

o=3 
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+5V 
The necessary control signals for Y 
the counter (clr, Lot pean xfr), are COUNTER TIME BASE ae 


generated by the time base/control 
circuitry. Crystal Y101, operating at 
a frequency of 1.31072 MHz, provides 
the stability necessary for accurate 
frequency measurement. C110 permits 
it to be adjusted to precisely the 
correct frequency. U114 contains the 
oscillator circuitry, as) welll-as asdi— 
vider with a factor of 214, or 16,384. 
The output of the counter is the squ- 
are wave signal labelled "clock" on 
the timing chart. Ul1l5 is a decade 
counter, with outputs taken at the 
clock-divided-by-two (A) terminal, and 
the clock-divided-by-ten (D) terminal. 
The waveforms are shown in proper relationship in the timing diagram. The 
D output, inverted by Q105, is used as the clr signal; gate U103A generates 
the rst signal, and gate U103B generates the xfr signal. 


10.5 VOLT REGULATOR 


A regulated 10.5 volts is required by many of the circuits in the tr- 
ansceiver, It is provided by the circuit comprised of Q116, 9117 and U102. 
The raw +14 volts is applied to 
the emitter of PNP series trans- 
istor Q116. 

The output of Q116, its 
collector, is sampled by the R- 
140-R141-R142 voltage divider, 
with R141 serving as the "+10.5 
set" control, and its wiper is 
connected to the inverting in- 
put of Ul102. A reference de- 
rived from zener diode CR117 
through dropping resistor R133 
is applied to the operational 
amplifier's non-inverting input. 
The output» of this: stase,. -asUc 
voltage, is applied to Q117 and 
determines the degree to which it is allowed to conduct, and thence its col- 
lector voltage. Its collector, in turn, drives the base of Q116 in sucha 
manner as to control its degree of conduction, and thence to maintain its 
output voltage at the required level. 


WATTMETER/SWR DETECTOR 


The wattmeter board circuitry takes a sample of the current in the an- 
tenna line via transformer T101, anda sample of the voltage signal appear- 
ing on the antenna line at the output of the transformer via the capacitive 
voltage divider composed of C101, C102 and trimmer C103, the latter of which 
allows precise alignment. These signals are combined in such a manner that 
CR101 produces a rectified output voltage proportional to the magnetude of 
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any signal reflected from the antenna due To LPF ANT 

to mismatch, etc., while CR102 provides a Pp eased) aay 

voltage proportional to the power sent to 1 

the antenna. These signals are smoothed iz 

by the C1O4—-R103-C106 and C105-R104-C107 

combinations, These signals are then ale 

used in the ALC, SWR, and wattmeter cir- 

cuitry to provide front panel indications 

and protective functions for the trans- WATTMETER / 

mitter power amplifier. SWwR 
OETECTOR 

AUTOMATIC LEVEL CONTROL is 

RIO3 

The FWD and REFL signals from the 
wattmeter board are coupled to the pre- 
selector board where they are adjusted by 
R1O4 and R107 respectively. C102 and C- 
103 bypass the lines as they come into 
tie board, CRIO4 and CRLO5 act as an "or" 
gate, allowing the largest of the 
two signals to pass to the invert- 

ing input of ALC amplifier U101A. 
Feedback for this amplifier is via 
R103, while R102 and R105 estab- 
lish a bias at the non-inverting 
input which sets the quiescent op- 
eeetane “point -of _the output of 
fois stage. ‘RLOl and. CGRLOL pro- 
vide a regulated voltage for this 
bias network and for U101, as well 
as for the ALC ZERO adjustment. 

If the REFLected ALC signal 
should exceed a given amount, or 
if the FWD ALC signal should ex- 
ceed that produced at the maximum 
safe output of the PA, CR105 or 
CR104 will conduct, causing the 
output of U101A to go more negat- 
ive. This output will be passed through CR102, and on to Q101 in the pre- 
selector, where it is used to reduce the gain of the stage, and thus the 
output of the transmitter. Manual RF GAIN control is accomplished by in- 
serting a voltage to Q101 via CR103 to the ALC line when in the receive con- 
dition. The "R" line, through CR106 and R108, biases the inverting input of 
ULOIA in such a manner as to disable it in receive. 

The output of Ul101A is also coupled via R106 to the inverting input of 
U101B. The ratio of feedback resistor R111 to input resistor R106 deter- 
mines the gain of the stage, and the output is coupled through limiting res- 
istor R112 to the meter switch, where it may be selected by the operator to 
give a front panel ALC indication if he so desires. R110, connected to the 
non-inverting input of U101B, provides a zero set calibration control for 
the meter reading. When in the receive condition, U101B is also disabled by 
the "R" line, through CR107, in the same manner as U1O1A, 


cio6 


ALC AMPLIFIERS 


R 
LINE = 
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FWD and REFL signals from the watt- 
meter board are also applied to. SWR me- 
ter drivers U1LOMA and U1O4B through cal- 
ibration potentiometers R147 and R149, 
respectively. These are unity-gain amp- 
lifiers, used only to prevent the meter 
from loading the wattmeter board output. 
The operator may select either the FWD 
or REFL power to be read on the cali- 
brated meter by means of the front panel 
METER switch. R148 and R150 are cur- 
rent limiting resistors. 


VOX CIRCUIT 


When VOX operation is selected by 
the operator, microphone AF is supplied 
from the preamplifier to U1O4A, where it 
is further amplified. The amount of this 


SWR METER DRIVERS 


amplification is controlled by the VOX gain control, R140. The output of 
this stage is rectified by CR113, and smoothed by C125, and applied to the 


inverting input of comparator 
U1LOMB, 

A sample of the received 
AF, from the speaker line, is 
applied to the anti-trip con- 
trol, HI49, “andsthen)-throucne Pees 
C130 to CR115 and CR116, which 1240 
form a voltage doubler recti- 
fier. C129 smooths this ITC 
Signal, and@it-is. “coupled te 
the non-inverting input of the 
comparator, A DC bias, to set 
the comparator's threshold, is 
added to the rectified anti- 
trip signal by the R146-R148- 

network, The comparator's 
output will depend upon which 
of the two input signals are 
the larger; should the VOX sig- 
nal be the largest, the output will go 
low; if the anti-trip signal is larger, 
it will be prevented from doing so. 

The: \output.of the. scomparator 2s 
coupled through R142 to the trigger in- 
put: of timer) U1055° -cansineveatevowacr i 
Vate.and. ats output. to go, hich seas 
high state is continued for the durat- 
ion of the low on the input (diode CR- 
114 prevents (C128 from charging during 
the duration of the low voltage at its 
cathode) plus the time it takes for C- 
128 to charge through R144 and R145 to 
2/3 of the supply voltage after the low 
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on the input of the timer has ceased. The amount of time it takes for C128 
to charge is determined by the setting of R144, thus the amount of delay is 
controllable. Should VOX not be desired, oe 
the VOX/PTT switch connects a + voltage 
to the timer input via R143 when in the 
fa. position 


KEYING CONTROL 


When in the CW mode of operation, 
the CW line is high, and it, through R101 cw 
biases Q101 on, effectively reducing its ‘'* 
collector voltage and cutting off Q102. KEYING 
This makes the collector voltage of Q102 a CONTROL 
ice, and CRI10Z2 conducts in turn, biasing 9103 to an on condition. Thus its 
collector, the key line, is at a low value, its normal, un-keyed condition. 

Should either the EXT KEY or the KEY 
contacts be closed, the junction of R104 
and R105 in the collector circuit of Q102 
is grounded, removing the voltage to CR- 
102 and the base of Q103 causing the col- 
lector voltage to Q103 (and the key line) 
to rise, 

In the USB or LSB modes, the CW line 
is low, and Q101 does not conduct. PIT 
operation is then exactly as described 
above for CW, but if VOX is selected, the 
VOX circuit provides a voltage to R103 
which causes Q102 to saturate, again re- "T° LINE CONTROL 
moving voltage from CR102, and so Q103 
ceases to_conduct and the key line rises. 

The key line, when high, causes CR103 to conduct through R107 and R108 
biasing Q104 on. The combination of R107 and C101 control the rise charac- 
teristics of the keying waveform, while the falling 
Characteristics are controlled by the discharge of 
C101 through R108 and the parallel combination of 
the base-emitter junction of Q104 and R109. When 
Q104 conducts, its collector goes low, lowering the 
base potential of PNP transistor Q105, and it sat- 
urates, energizing the "T" line. 

When the "T" line and key line are _ both high, 
CR105 and CR106 are reverse biased, allowing Q108 to 
Conduct, “and charge C105 through RilzZl. This time 
constant determines how fast the "T/S" line is al- 
diowed. to rise to full voltage, The "T/S" line sup- 
plies bias to the drivers for the transmit mixer, 
Z102 on the exciter board, thus permitting. generat- CW SHAPING 
ion of the transmitter signal. ; 

For lower speed CW operation, it is desirable 
to have a slower ("softer") attack and decay time on the CW note, so the op- 
erator may switch C106 in parallel with C105, thus increasing the time con- 
stant. High speed CW is more easily copied when it has a fast ("hard") at- 
tack time, so C106 is then switched out of the circuit, at the operator's 
option. 
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Also, when the key line is high, 


C102 and biasing Q106 on through R112 and R114. 
ite to.cease: to) conduct, 


age of Q107, causing 
ground potential. When the key line 
goes low, C102 discharges through R- 
112 and the R113-R114 and Q106 base- 
emitter junction parallel combinat- 
ion, delaying the turn off of Q106 
and thus the return of the "R" line 
to a high value. This is to assure 
that there isa delay between the 
deenergizing of the "T" line and the 
reenergizing of the”? "RR" line, so 
that certain switching functions can 
be accomplished without affecting 
either receive or transmit function. 

When semi-breakin is selected 
the CW timer holds the base of Q106 
high for a brief time, preventing 
return to the receive condition be- 
tween characters. When full breakin 


is selected, this feature is disabled. 


CR104 is allowed to conduct, charging 
This lowers the base volt- 
and bringing the "R" line to 


HO.SV 


QI07 


FROM CRIOS Rii2 


KEY R LINE 


CW TIMER 
"R" LINE CONTROL 


When either the "IT" line or the key line is high, voltage is applied to 
Q110, making it conduct. This brings the PA BIAS control line low, and turns 


on the bias to the power amplifier stages. 
Q111 then conducts 


allowing it to conduct. 
to the CWX line, energizing it. 
Should, however, the "R" line be 
high, voltage is applied through R117 
to the base of QLO9, causing it to 
saturate, and grounding the base of 
Ql10,. thus nullifying the. effect of 
the "T" and key lines outlined above. 
Thus, there can be no output from the 
transmitter until the antenna switch- 


ing circuitry <has “xretumiedistomuthie 
receive: condition... This isis ane 
Lerlock”™ function, which prevents 


damage to the receiver front end in 
the event of a control malfunction. 


CW TIMER 


When the BREAKIN switch is in 
the SEMI position, energization of 
the "T" line applies a voltage to 
the base of Q113, causing it to 
saturate and the voltage at the 
input of timer U1L01 to go low. 50 
long as this condition pertains, 
capacitor C108 is prevented from 
charging through R128 and the CW 
DELAY control by diode CR110. When 
the input is low, or until C108 is 
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charged to BUS of the supply voltage after the input has returned high, the 
output of U101 is high. When this condition prevails, Q114 is turned on 
through R129 and R130. This in turn saturates Q115, which keys an external 
relay (such as for a linear amplifier, etc.) through protective diode CR111 
and resistor R132. 

Should FULL breakin be selected by the operator, the base of Q113 is 
grounded and the control input of the timer is never allowed to go low. Key- 
ing is then controlled by the key line, connected to the junction of R129 
and R130. When the transmitter is keyed, this line goes high, and Q114 and 
Ql115 are again saturated, grounding the external relay line. Note that few 
external amplifiers are capable of operating at full breakin, due to the 
slowness of the switching of the various relays, etc. Only those amplifiers 
especially built, or modified, for QSK operation should be used when full 
breakin is desired. 


+NB 
O 


NOISE BLANKER 


The noise blanker signal input 
is taken directly from the receiver 
antenna input, and is coupled th- 
rough isolation resistor-capacitor 
combination R101-C101 to the base RIOI 
of compound stage Q101 and Q102. ence OA, 
Bias for that pair is derived from 
R108 and R103, with supply decoup- 
ling provided by R109 and C102. 
Frequency compensation is ac- 
complished by R106-C104 and R105- FIRST STAGE, 
C105 networks. Output is taken th- NOISE BLANKER 
mouehn C103, R110, and C106 to the R105 
base of the second compound stage. 
That stage, Q104 and Q105, operates ; 
in the same manner as the first one. 
Moetium, this output is taken to +NB +NB 
yet athird compound stage, Q106 T y 
and Ql07. This pair utilizes a 
conventional emitter network and 
untuned transformer T101 in its 
output. Note that the entire cir- 
cuit is broadbanded--no selectivity 
Peapult 1n, <so™=that noise pulses, cigs 
no matter what frequency, will be 
accepted. The use of three com- 
pound stage amplifiers in cascade 
realizes a very high gain, for good 
sensitivity to the noise pulses. 
The upper half of the second- 
ary of T101 drives detector CR102, 
and after filtering by the (C115- 
C116-R126 network, the resultant DC = 
Signal is applied to operational 
amplifier U101. The gain of this device is set by the ratio of RUZ2Geto, R129 
and its input threshold point is determined by voltage divider R127 and R- 


129 on the non-inverting input. The DC output of A101 is applied ee ; 


R19 


ClO9 RI20 
TO AlOi 


TO Q108 
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current limiting resistor R112 to the base 
of Q103. Q103 supplies a current to PIN 
diode CR101 which serves as a _ variable 
attenuator, thus supplying AGC to the 
noise blanker receiver. The R125, R126, 
C115 and C116 network integrates all in- 
coming signals to drive U101 and generate 
AGC to prevent strong signals (SSB, AM, or 
CW) from generating cross modulation in 
the blanking gate. 

Ihe *bottonm. halftone 110i edrives de 
tector CR103, which supplies a DC pulse to To 
the base of Q108 when a noise pulse is re- 
ceived. When Q108 is“thus. turnedson, ic 
in turn causes PNP transistor Q109 to con- 
duct, creating a blanking pulse across its 
load resistor, R134, which is coupled to 
the noise blanker gate in the I.F. circuit 
on the exciter board. 


BLANKER AGC 


PASSBAND TUNING INDICATOR 


A separate section of the front-panel 
PASSBAND tuning control, R103B, is used to 
develop a signal used to drive the series 
of LEDs that indicate the status of the 
tuning of the passband circuit. R166 is 
used in series with it to provide a range 
calibration adjustment, and the output, by- 
passed by C138, is coupled to the analog 
input of analog-to-digital converter IC 
U106, on the audio board. 

U106 is capable of free-standing op- 
eration, but to operate in such a manner, 
it must be provided with an R-C combin- 
ation that sets the frequency of operation 
of the internal “clock “oscillator on the 
chip. R168 and C137 serve this function. 
The IC must also be properly initialized 
when it is first powered up. Q106 and its 
associated circuitry perform .this task. C- 
139 charges through R167 when power is 
first applied, thus allowing Q106 to con- 
duct until nearly full charge is achieved, 
grounding the appropriate pins on the chip. 
Once C139 has charged, Q109 ceases to con- 


PULSE DETECTOR & ~ 
PULSE AMPLIFIER 


LEDs 


duct, and the initialization pins on the sia a 
| IC are ungrounded, allowing it to operate. ¥ 
When power is removed, CR122 allows C139 PASSBAND TUNING INDICATOR 


to discharge rapidly. 

The digitally-coded output of U107 is 
coupled to the inputs of PROM U107., The 
internally stored code in the PROM gener- 
ates the required signals to drive the 
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front-panel LEDs used as the passband tuning status indicator. When in the 
CW narrow mode, the CWN line energizes another input of the PROM, changing 
the code presented to the LEDs such that only two adjacent devices, repre- 
senting the frequency range being passed by the PBT circuitry, are lighted. 
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TRANSISTOR TROUBLESHOOTING 


Many techniques for troubleshooting transistor circuits have been ev- 
olved, of varying degrees of complexity and reliability. One system, per- 
haps the simplest and most reliable, is outlined here for your information. 
With it, you can determine, with only a few minutes thought and basic arith- 
metic calculations, what the normal operating voltages on any given transis- 
tor stage should be, and by comparing them with those actually measured, lo- 
Cave une tault in the circuit. 

The key to the scheme is to remember that, for normal operation, the 
base-emitter junction of a transistor must be biased into conduction--and 
that when this is so, the voltage drop across that junction will be approx- 
ameoely O./ volts tor silicon devices and about 0.25 volts for germaniun, 

To illustrate how the system works, lets 
take a simple amplifier stage (20 the right): 
To start with, we know that the base current is 
Mervyecmall, on the order of microamperes. for 
Gur spurposes, then, we can ignore it, for it 
would be masked by circuit tolerances suffic- 
iently that we couldn't measure a voltage drop 
caused by it with our usual methods. We there- 
fore treat the bias network (the 56 kQ and 1.2 
kQ resistors) as a simple voltage divider, and 
can compute the voltage that would appear at 
their junction (the base of the transistor). In 
tamscecase. 1+ works out. to ‘about 2.1 volts. 
Since we know that this silicon transistor has 
a base-emitter drop of about 0.7 volts, it fol- 
lows that the eimtter voltage is that amount 
Mes- than the base voltage, or about 1.4 volts. The emitter current can 
then be calculated by Ohm's law, and comes out to be about 9.3 mA. 

We know that both the base current and the collector current flow th- 
rough the emitter resistor, but the base current is so small that we can say 
for practical purposes that the emitter and collector currents are the same; 
therefore, the current through the 4700 collector resistor is also about 9.3 
mA, and the voltage drop across it is therefore about 4.4 volts. This means 
that the collector voltage would be 12 - 4.4, or 7.6 volts. 

Actual measured values ona normally operating circuit would be close 
to these values, while a malfunctioning transistor would result in greatly 
different values being found. Remember, transistors do not get "weak", as 
do vacuum tubes (with the exception of some emitter-ballasted power devices) 
so when they fail, they do so catastrophically--they open or short, or both. 
Thus, the voltages found on their terminals will be greatly different than 
if it were operating normally. For example, a shorted base-emitter junction 
would result in no 0.7 volt drop between those terminals; an open base-emit- 
ter junction would leave the emitter at ground potential (no base current 
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flowing, so no collector current, “so no drop across the emivcer resistor). 
And so on. It isn't hard to figure out just what is wrong with the device, 
although this isn't really necessary--if the voltages are not close to what 
you calculated, the device is probably bad. 


INTEGRATED CIRCUIT TROUBLESHOOTING 


Very little can be written concerning the finding of internal faults in 
integrated circuits. Often, the exact internal circuitry 1s -both=compre. 
and unknown to the service technician, for manufacturer's data sheets gener- 
ally show only an equivalent circuit at best, and at worst, only the pinout. 

The data sheets often do, however, give a truth table or timing (wave- 
form) diagram for digital circuits, or some other description, not of what 
the internal circuitry is, but rather what it does. This, then, is these. 
proach we must use in troubleshooting them also. 

In short, we troubleshoot IC's by the process of elimination; Are the 
voltages at each of the pins about what they should be? Is the proper sig- 
nal going into it? Then, if the proper signal isn't coming out of 117, ioe 
bad and must be replaced. Never mind what is wrong inside--you can't get 
inside to fix it anyway, and time spent figuring it out is wasted. Just re- 
place it, 

A good voltmeter, a high impedance VIVM or better yet one of the newer 
digital voltmeters that will read to tenths of a volt or less, and a good 
oscilliscope are then necessary pieces of test equipment, and no shop should 
be without them. If you don't have them, you'll have to spend your time in 
speculation, and for the most part, the results will depend on guesswork, 
Hither you'll use more time than necessary (and have to charge the customer 
for it) or you'll wind up missing the cause of intermittant problems, re- 
placing perfectly good parts, or the like. In either case, the increased 
cost to the customer (or decreased profit to the shop) is something that you 
can hardly just iy. 


MEASURING SIGNAL TO NOISE RATIO 

The procedure for measuring the signal to noise ratio of a receiver is 
really quite simple, and it is a check that should be made on every receiver 
before it leaves your shop--finding a weak receiver and fixing the problem 
while it's in the shop is one of the best ways to keep a customer happy, and 
it will pay dividends in repeat business. 

Connect an unmodulated signal generator that has a 50N output impedance 
to the antenna terminals, and tune it for about J KHz beat note audible ww: 
the speaker. Adjust the generator's output for about 0.25 uV at the antenna 
terminals, so that the AGC circuit isn"t activated, (Note that come gener- 
ators are calibrated in terms of their open circuit output voltage, nov wha 
is present when connected to a load--check yours out, so you can get the 
right setting. ) 

Connect an AC voltmeter across the speaker terminals, and adjust the 
volume control for a convenient reading on the meter. Note that reading. 
Now remove the signal generator connection and short out the antenna term- 
inals without changing anything else on the receiver. Note that reading, 

The first is the reading for the signal-plus-noise; the latter is the 
reading for noise only. The S/N ratio is 20 times the common log of the ra- 
tio between the first and second values. Some AC meters have log (or dB) 
scales and can be used directly. 
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One of the more useful innovations in recent years is the application 
of solid state switching to signals within receivers and transmitters. It 
allows switching to be accomplished at the site, without the need for rout- 
ing long signal leads to a bulky, complex, and often troublesome multi-pole 
mechanical switch. Instead, a simple switch controls a DC voltage which in 
turn is applied to all of the points where switching of the signal is to 
take place, 

The simplest form of a solid state switch is the diode. We know that 
when it is reverse biased, it presents a very high resistance--high enough 
to be considered an open circuit when used in low or medium impedance cir- 
cuits. Modern manufacturing techniques have reduced the junction capacit- 
ance of switching diodes so low that they can also be used effectively in 
most high impedance circuits, too. Thus, a diode which has a reverse bias 
voltage greater than the peak value of any AC signal applied to it, so that 
ieeoos not conduct during any part of the signal cycle, will act as an open 
circuit, 

Conversely, modern diodes have a very low "on" resistance, so if for- 
Ward biased with a current greater than the peak signal current, so that it 
eoveucrs during all parts of the signal cycle, it passes the signal with 
little or no attenuation. 

All that is needed, then, is a circuit arrangement of capacitors to 
block the DC but pass the signal, (and perhaps bypasses, if high-level RF 
is near) and resistors to apply the bias and switching voltages, and the di- 
ode itself. 

Field Effect Transistors (FET's) can be used as even better solid state 
switches. Remembering that the source to drain path of the FET is a pure 
resistance, normally conducting, we can see that, as with any other resis- 
mance, current can flow in either direction (bilaterally), from source to 
drain or from drain to source, depending on the polarity of the applied vol- 
tage. Therefore, AC signals will pass. 

Now, 81 we apply a voltage to the gate that is sufficient to "pinch 
off" the source-drain path, the effective resistance of that path increases 
greatly, effectively opening the circuit, and thence the signal path. 

Normally, N-channel, depletion mode devices, with good bilateral char- 
acteristics in the source-drain path and low "on" resistance are selected 
for service in switching applications, although P-channel devices are also 
used, 

Mie then, that iseneeded for a FET switching circuit is the FET, “suit- 
able blocking capacitors and load and biasing resistors, just as in the case 
of the diode switch. In some instances, even these can be omitted, using 
the signal voltages themselves to provide any bias, 


TWO TONE TESTING 


Probably the most useful and yet least often performed test of a single 
sideband transmitter's performance a technician can make is the two tone 
test, and yet it is easily performed. The two tone test will disclose qu- 
ickly and easily most of the major faults that are to be found in an operat- 
ing transmitter by showing nonlinearities, improperly adjusted bias, over- 
driving, and many other problems. 

While a full discussion of the two tone test and its results is beyond 
the scope of this manual, a brief discussion is in order. More thorough 
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treatment is available in many competent references for those who wish to 
pursue the matter further, 

Basically, this test is performed by applying two non-harmonically re- 
lated audio tones, of equal amplitude and within the pass band of the radio, 
to the microphone input and observing the output across a dummy load on an 
oscilloscope. In this manner, the entire transmitter, from microphone jack 
to antenna terminal, is tested in one simple operation. 

These tones can come from two audio signal generators, or better yet, 
from a two tone test set specifically designed for the purpose. Several 
such designs of adequate quality are included in amateur handbooks and other 
readily available literature. The tones must be very pure sine waves, and 
of equal amplitude, and not harmonically related to each other as mentioned 

The oscilloscope used to view the transmitter's output must be capable 
of displaying the frequencies at least as high as those in use, and prefer- 
ably higher. A 30 MHz bandwidth instrument is adequate for all HF amateur 
bands, while the more common 15 MHz bandwidth instrument would serve for the 
160, 80, 40 and 20 meter bands. Since any problems of nonlinearity, bias, 
etc., could be expected to show up on all bands, testing on one band only is 
usually considered adequate. 

Several waveforms and their common causes are included here for refer- 
ence, and others are available in current literature. 


FEEDBACK AMPLIFIERS 


i@ecepatne of individual pransistors, Within a given type number, unfort- 
unately varies over a wide range. Often, this is satisfactory for the de- 
signer's purpose, but occasionally there arises a situation where the gain 
of the stage must be controlled more precisely. In that case, it is often 
advantageous to use an amplifier stage em- 
ploying emitter degeneration (feedback) to 
set the gain of the stage. The accompany- 
ing diagram shows one such typical stage. 
The gain of the stage is approximately 
equal to the ratio of the collector load 
to the unbypassed portion of the emitter 
resistance. In the case of choke or tuned 
circuit. loads, the value used in this cal- 
culation is the absolute value of the col- 
lector load impedance, 

Hinting este. Lecinique also raises 
the input and output impedances to higher 
values than would otherwise be the case, 
a condition that is often desirable. The 
Popova of the circuit “cansalso be in- 
creased, under the right circumstances, although, under other eonda tions, iv 
might be decreased instead. It is also possible to select the value of the 
capacitor bypassing a portion of the emitter resistance such as to provide 
frequency compensation for the inherent 6 deeper octaves dropeci, an gain as 
the frequency is increased, that is a characteristic of all bipolar transis- 
Tors, 

Another type of feedback amplifier is shown in the second diagram. In 
this instance, the gain is approximately equal to R2 divided by Rl, provided 
that the load resistance is much much greater than R2, and the impedance of 
the source feeding the circuit is much less than Rl. The input impedance of 
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this stage is equal to R1's value, and the 
output impedance is low. Since both input 
and output impedances can be quite low, the 
bandwidth may be very wide--100 MHz or gr- 
eater, 

Since the feedback path of the circuit 
(R2) allows just enough signal from the 
output to be fed back to the base to cancel 
out that coming in through R1 (and the 
feedback signal is out of phase with the 
incoming signal), little or no Signal will 
be seen at the base. It is a eel pile on 2 ley 
ground, so far as voltage is concerned! 

This characteristic can be used to sum 


two or more signals, setting different gain RI-2 
values for each signal, if desired. The RI-3 

gain for each. signal is proportional to the 

ratio of the feedback resistor (R2) to it's marathon land 
own input resistor only; the other input 


resistors do not affect, the )gaan ‘of thae 
particular signal. It is interesting to 
note that .this is. a summing, Motamiocans, 
amplifier, often another useful property 
CGiathe circus. 


A SIMPLE IMPULSE NOISE GENERATOR 

The noise blanker circuit used in SWAN radios, like all effective noise 
blankers, is designed to detect the presence of impulse noise above a cer- 
tain threshold, and to mute, or blank, the output of the receiver for the 
duration of that pulse. (There is no circuit or scheme that can eliminate 
static or background hiss types of noise.) Since operation of the. blankex 
circuit depends upon the presence of this high level impulse type of noise, 
it is difficult if not impossible to service the circuit unless a cource of 
such impulses is avail- 
able. Efforts to ser- 
vice it using the com- 
monly available test 
equipment lineup are 
ineffective, and may 
well lead to misadjust- 
ments--most often, this 
section of the receiver 
is never checked out, 
but merely accepted on 
nie a) ey 

It, follows ;s etiens 
that a simple, inexpen- 
Sive instrument that 
generates this type of = 
Signal would be most 
useful in the service Noise Generator 


On/Off +I8V 


Soi, 


(9V x 2) 


1000 pF 
SM 
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shop, yet commercial instruments are prohibitively expensive. For that re- 
ason, the circuit of such an instrument is included NEVO. sSO) that. it. Mayabe 
built up locally and added to the shop equipment inventory for such service, 

Referring to the accompanying diagram, we see that the ZAG 7 Ine eri — 
junction transistor, connected in an oscillator circuit. slhe.0,22emtd cap— 
acitor is charged through the 100K and 1M resistors, with the latter made 
adjustable to control the charging rate. When the Charge reaches a certain 
level, the UJT fires, discharging the capacitor, and generating a sharp 
pulse of current through the 56 ohm resistor, This in turn fires the 2N5060 
delivering thereby a relatively large current pulse through the inductor, 
This pulse is used to simulate the impulse noise. Level is adjusted by the 
50 ohm potentiometer, and the small wattage 27 ohm series resistor acts as 
an output fuse, for protection from the circuit to which it is connected. 
Power is shown as two 9-volt batteries in series, although a suitable AC 
supply delivering approximately 18 volts IC at a few milliamperes would also 
be suitable. 


ee. 


Electronic phase locked loops (PLL) have been in use since the 1930's 
where they were used for radar synchronization, In later years, they came 
into more widespread use as the synchronization system in television re- 
ceivers and other applications, It is only in recent years that they have 
found widespread use as frequency synthesizers, where they have found many 
applications in satellite communications systems, airborne navigation sys- 
tems, FM communications, and, most recently, in HF SSB communications equip- 
ment, 

In the basic PLL system, the output of a local voltage controlled osc- 
illator (vco) is compared with an incoming, or reference, signal, and if the 
two are not of the same frequency and phase, an error Signal is generated to 
tune the VCO in such a direction, and to the required degree, that they be- 
come so. This is the system used in television sync systems, and is shown 
in the accompanying diagram. 

The usefulness of such a simple 
system is limited, however, to such 
synchronization tasks; however, it te 6. 
was found that, if a means of divid- Comparator 
ing the output frequency of the VCO ie . hrc 
could be inserted in the path  be- 
tween the VCO and the comparator, 
the output of the VCO could be made 
to automatically assume a frequency 
that was a multiple of the reference 
frequency, that multiple being equal 
to the division factor of the divid- 
ericircuit,, . 

By making the divider circuit programmable, that is, making it so that 
the division ratio could be varied at will, and making the VCO of an approp- 
riate frequency range, true frequency synthesis could be achieved; that is, 
the frequency of the VCO could be made to vary, in integer multiple steps 
of the reference frequency. This scheme is shown on the following page. 


BASIC PHASE LOCKED 
LOOP 


ak 
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Digital circuitry  hentiy itsern 
quite handily to the implementation 


Phase 


of the frequency divider, in that a Comparator 
number of available chips could be yee SL) ae 
used as programmable dividers, or in se £> oa 


the present terminology, "divide-by- 
N" counters, where N is the dividing 

integer. VCO's of various configur- pe come | 
ations were easily achieved, using 
varicaps as the tuning element. 

Initial PLL designs used phase 
comparators constructed out of dis- 
crete components, and were often 
very complex and difficult” to “tame: 

The development of specially designed integrated circuit phase compar- 
ators that were basically digital mixers greatly alleviated many problems, 
but created another. In such a mixer, leak-through of the reference freq- 
uency components to the error, or tuning line to the VCO is common unless 
specific steps are taken to prevent it. Such leak-through results in freq- 
uency modulation of the VCO at the reference frequency, and if held low 
enough, will be unnoticable in the reception of AM or FM signals, but is 
quite difficult to reduce to a level where SSB or CW signals can be received 
without objectionable distortion caused by this FMing. The means taken to 
reduce this distortion is the includion in the loop, between the phase com- 
parator and the VCO, of a filtering arrangement to reduce the amplitude of 
the reference frequency feedthrough to the VCO, Usually a low pass filter 
is used for this purpose. 

Since the loop filter contains 
considerable capacity to ground, of Comparator Fitter 
necessity, and its cutoff frequency Frese & 
is below the reference frequency, 
it controls the time required for 
the loop to reachieve lock after a 
change has been introduced, such as 
when the divide ratio of the count- 
er has been changed. At low ref- PRACTICAL MULTIPLIER PLL 
erence frequencies, lockup time can 
become objectionably long. In the 
Astro 102BX, a synthesizer is used to generate the different band frequen- 
Cies which are mixed with the PTO output to produce the local oscillator 
Signal. The reference frequency is sufficiently high that a relatively sim- 
ple- looprti il ter is-all that 2:6. required. 
Setting the division ratio into the pro- 
grammable counter is accomplished by the 
BAND switch, in conjunction with a diode 
matrix and programmable read-only mem- 
ory integrated circuit. 


BASIC MULTIPLIER PLL 


Phase Loop 


1 
j= 6KHz “AM” BANDWIDTH 


, 2.7 KHz SSB 
REDUCING RECEIVERS SIGNAL 
BANDWIDTH CUTS DOWN 


AMOUNT OF "NOISE" IT : 

HEARS, WHICH IMPROVES 
PASSBAND TUNING THE S/N RATIO AND 
ALLOWS BETTER 
COPY OF WEAK 
SIGNALS 


It is a fact of communications life 
that the narrower the bandwidth of a re- 
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ceiving system, the more readily a signal of a given strength can be rec- 
eived and understood. This phenomenum occurs because what we really hear is 
the signal to noise ratio, rather than the absolute signal strength, and the 
narrower the received bandwidth, the less noise is received; hence a better 
signal to noise ratio and a more understandable recovered signal. The lim- 
iting factor, of course, is the bandwidth required for intelligibility of 
the desired signal. This is one of the chief advantages of single sideband 
over other communications methods. Since the necessary bandwidth is less 
than half that necessary for AM, for instance, it will result in more than 
twice the signal to noise ratio than an AM signal of comparable power, due 
solely to the reduction in received noise. 

Studies show that the minimum bandwidth required for intelligible tr- 
ansmission of the human voice is about 2.5 kHz, although one can "get by" on 
a bandwidth of as low as 2.0 kHz, if a bit more degredation of the voice 
quality can be tolerated. In actual fact, however, these are average fig- 
ures, and individual voice requirements vary widely. It has been the prac- 
tice (and Still is, im many cases), 
to use a fixed bandwidth, set by a 
hepa quality crystal filter in the 
IF of the receiver, to improve the 
Signal to noise ratio. The res- 
ponse of a typical filter is shown 
to the right. 

Since individual voices vary 
in their requirement for bandwidth, 
however, it would be advantageous 
mmeemany instances, to be able to 
vary the bandwidth to lower limits. 
By being able to cut off the top or 
the bottom of the passband, thus 
reducing the bandwidth, it is possible to reduce the effects of close-by 
interfering signals, often at acceptable levels of degredation of the desir- 
ed signal quality. Crystal filters, however, do not lend themselves to such 
operator adjustment. 

Quite recently, a scheme for accomplishing this has been developed; it 
is called "Passband Tuning". In this scheme, the basic bandwidth is set by 
a high-quality crystal filter in the IF as before. But, -atter that filter, 
a circuit is included to translate that IF frequency to another frequency, 
usually higher. The signal is then passed through another crystal filter, 
of similar bandwidth as the first, and then translated back to the first LF 
frequency. If the frequency of the 
oscillator used to translate the 
signal to and back from the second perrrrsatdt ee 
IF is such that the passband of the aaa iam 
two filters line up, no change in 
the bandwidth is noticed; however, 
4f this oscillator frequency is 
made variable, the passbands of the 
two filters no longer lines up, and 
either the upper or the lower end 
of the passband of the first filter 
is cut off by the second, as shown 
in the accompanying diagram.’ Since 
the frequency of this passband tun- 


TYPICAL SSB FILTER CURVE 


RESULTANT 


RESPONSE | 
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ing oscillator is continuously variable, we have achieved continuously var- 


iable bandwidth. Skillful operation of this system by the operator can re- 
sult in useful copy of signals that would otherwise be uncopiable due to 
heavy interference from nearby signals. Such a scheme, with a unique visual 
indication of the bandwidth to which it is adjusted, is included in the Astro 


102BX, 


The following two pages provide data on the diode ring double balanced mixers 
used for Z2101, 22102, and Z5101. The first type uses discrete diodes and 
the second uses a monolithic diode array. The two vnits are interchangeable. 
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TEST EQUIPMENT REQUIRED 


A certain amount of quality test equipment is necessary to service to- 
day's sophisticated communications eauipment. BelLowais. .oisr.0l that. re- 
quired for the ASTRO 102BX, 


-Microphone, high impedance 
-Wattmeter, O-200W scale 


-Dummy load, non-reactive, 50 ohms, 
capable of >200W dissipation 


-Light bulb load, 100W, 10 ohms cold 


-Oscilloscope, 30 MHz minimum band- 
width, with xl0 attenuator probe 
to be used for all measurements 


-Frequency counter, at least 100 mV 
sensitivity, high impedance in- 
put, counts, to 44 MHz. or higher 


-VTVM or DVM with high input im- 
pedance to be used for all AC and 
DC measurements 


-Two-tone generator (See the "Servicing 
Hints" section of this manual) 


-Noise generator (See the "Servicing 
Hints" section of this manual) 


-Signal generator, 1.5-30 MHz, cal- 
ibrated output 


-Audio generator, 300-3000 Hz 


-Power supply, 11-14V DC adjustable, 
22 ampere or greater regulated out- 
put, with current metering 


att 1cogxiia le connector 


-Attenuator for monitoring transmitter 
output with counter and oscilliscope 


INITIAL INSPECTION AND SET-UP 
Inspect the unit for physical damage; i.e., broken components, knobs, 


switches, meter, panel, heatsink, controls, circuit boards, cabinet, ue i 
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burned wires, components and boards; loose and improperly mounted plugs; 
frayed or pinched wires; loose hardware, etc. 

Connect a suitable power supply to the POWER 13.8 volt connector on the 
rear apron of the unit. Connect the wattmeter, dummy load and "T" connector 
with the attenuator to the ANTENNA connector. Connect a suitable microphone 
to the KEY/MIC jack on the front panel. 

Set the front panel controls as follows: AF GAIN. off; RF GAIN, fully 
clockwise; IF GAIN fully clockwise; AGC DELAY fully counterclockwise: PASS- 
BAND 12 o'clock; NOTCH FILT fully counterclockwise; MIC GAIN fully counter- 
clockwise; PTO MODE to PTO A; MODE to LSB and BAND to 20, 


INITIAL CURRENT AND LIGHT CHECKS 

With the power off, the total current drain should be less than 15 ma. 
Turn the AF GAIN control to turn the power on, and the total current drain 
should be less than 2 amperes, the meter light should come on, the display 
should light, and the PTO A and PASSBAND KHZ lights should come on. 

Key the unit with the microphone button. The total current drain sh- 
ould increase between 1 to 1.5 amps. 


PTO MODE SWITCHING AND RIT OPBRATION 

Set the PTO MODE switch to EXT, and the display should read 11000.1 
+ 1, Set the MODE to USB, and the display should read 10996.8 4+ 1, Boum 
lights should be off. 

Set the PTO MODE to A and adjust PTO A for 14260.0 with the RIT off 
(RIT light off). The PTO A light should be on and the PTO B light off. Key 
the unit. The display frequency should not change, and there should be no 
change in the PTO lights. Unkey the unit. 

Set the PTO MODE switch to B and adjust PTO B for 14280.0 with the RIT 
off, The PTO B light should be on and the PIO"A light should be orf, Key 
the unit, and the display frequency should not change, with no change in the 
PTO lights. Unkey the unit. 

set the PTO MODE switch to REC A-XMIT B, The PTO A light should be on, 
the PTO B light should be off, and the display frequency should be 14260.0. 
Key the unit; the PTO A light should go off, the PTO B light should beseme 
and the display frequency should change to 14280.0. Unkey the unit. 

Set the PTO MODE switch to REC B-XMIT A; the PTO A light should be off, 
the PTO B light on. The display frequency should be 14280.0. Key the unit, 
and the PTO A light should come on, andthe PTO B light extinguish. The 
display frequency should be 14260.0 Unkey the unit. 

Set the PTO MODE switch to PTO A, MODE to LSB. The display frequency 
should change less than 0.2 kHz. Set the RIT knob pointer to O and push 
it in to turn the RIT on. ‘The RIT light should come on, and the display 
frequency should change less than 0.2 kHz. Adjust the RIT control from full 
counterclockwise to fully clockwise. The display frequency should vary be- 
tween + 0.8 to 1.5 kHz. Key the unit. The RIT light should go off, and the 
display frequency should be the same as if the RIT were off, and the RIT con- 
trol should have no effect on the display frequency. Unkey the unit. Push 
the RIT control to turn it off. The RIT control should have no effect on 
the display frequency. Set the MODE switch to USB, 

Set the PTO MODE switch to B and make the same checks as for PTO A, 
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PTO RANGE AND DISPLAY OPERATION 


Set the PTO MODE switch to PTO A, turn the PTO A knob counter clockwise 
to its limit. The display frequency should be between 13940.0 and 13880.0. 
Turn the PTO A knob clockwise to its stop, and the display frequency should 
be between 14560.0 and 14620.0. Set the BAND switch to 10D. The display 
frequency should be stable. Set the BAND switch to 20. 

Set the PTO MODE switch to PTO B and repeat the range checks for PTO B,. 

Set the BAND switch to 10B, and adjust PTO B for a display frequency of 
28888.8 and check that the segments and decimal point are properly lighted 
on the display. 


DISPLAY FREQUENCY ACCURACY 


Connect a frequency counter to the "T" coupling and attenuator in the 
antenna line. Disconnect the microphone, and connect an audio generator 
to the EXT MOD jack on the rear apron of the unit. Connect an SPST switch 
to the KEY jack on the rear apron. 

Adjust the audio generator's output to 1000 Hz + 10 Hz. Key the unit 
with the SPST switch and adjust the MIC GAIN control and audio generator 
output level for approximately 20 watts output, or until the frequency coun- 
ter has a stable count. Check the following: 

That the carrier (output) frequency equals the display frequency minus 
1.0 kHz in the LSB mode, + 0.4 kHz. 

That the carrier (output) frequency equals the display frequency plus 
1.0 kHz in the USB mode, + 0.4 kHz. 

That the carrier (output) frequency equals the display frequency plus 
0.8 kHz in the CW and CWN modes, + 0.4 kHz. 


TRANSMITTER OPERATION 


Disconnect the frequency counter from the "T" connector in the antenna 
line and connect the oscilloscope in its place. Keep the attenuator in the 
line to protect the oscilloscope input circuitry. Disconnect the audio gen- 
erator from the EXT MOD jack and connect the two-tone generator to the EXT 
MOD jack. 

Check the power output and the total drain current on all bands in the 
CW mode, with the MIC GAIN control fully clockwise, and with the output freq- 
uency adjusted to the high end of each band. The power output should be 100 
to 120 watts on all bands and the total current drain from the power supply 
should te 18 amps or less at 100 watts output. Power output should vary 
from less than 5 watts to full power as the MIC GAIN control is varied from 
fully counterclockwise to fully clockwise. There should be no output until 
the unit is keyed with the SPST switch. 

Check the meter accuracy in the FWD position at 100 watts output on the 
20 meter band. Accuracy should be + 10%, Disconnect the coax at the ANTEN- 
NA connector on the rear apron, and set the METER switch to REFL, the MIC 
GAIN fully clockwise, and key the unit momentarily. The panel meter should 
indicate in the red area. Reconnect the coax to the ANTENNA connector. Set 
the meter switch to ALC, key the unit, and vary the MIC GAIN control from 
fully counterclockwise to fully clockwise. The meter reading should vary 
from approximately 0 to +20 or higher. Unkey the unit, and the meter should 
read approximately O in any of the METER switch positions. 
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ALC OPERATION 


Disconnect the 50 ohm dummy load and substitute a standard 100W light 
bulb (10 ohms cold) as the load. Check the power output with the MIC GAIN 
control fully clockwise on all bands. Power output should be 40-70 watts if 
the ALC circuit is operating properly. 

With the antenna connector open len A aale load), the total set current 
in transmit should not exceed 12 amperes. If so, the ALC circuit is not 
working properly. 


NOTE: The purpose of the ALC is to limit power output and therefore PA 
device dissipation to safe limits, by limiting collector current. 
If there is too much ALC control, it will not be possible to ob- 
tain full output into loads with SWRs less than 1.5:1. If there 
is too little ALC control, then the PA transistors can draw ex- 
cessive current, especially when the load is poorly matched, and 
possibly go into oscillation, causing them to overheat and fail. 
The temptation to increase the power output of the transmitter by 
reducing ALC control must be resisted--to do so will almost guar- 


— — ee 


antee the failure of expensive components in the PA. 


MODULATION OPERATION 


Check the two-tone signal on each band and in both USB and LSB modes 
for crossover distortion, carrier leakage, and spurious outputs. None of 
the above should be detectable in the output (see the "Servicing Hints" sec- 
tion of this manual for examples and procedures for making the two-tone 
test. ) Output should go to 100 W. PEP without distortion being introduced 
into the two-tone pattern. 


NOTE: If a two-tone source is not available, a close examination of a 
modulated output display using a high quality microphone and/or 
monitoring the signal on another radio should show up any major 
discrepancy, although not so accurately as does the two-tone 
test. 


Two-tone and microphone modulation checks should be made with the spe- 
ech processor off. Disconnect the two-tone generator and reconnect the mic- 
rophone. The MIC LEVEL trimpot (R138) on the audio board should be adjusted 
for 100 W. PEP output with the MIC GAIN control set at 10 o'clock and speak- 
ing into the microphone that is to be used with the unit, in a normal voice. 
Note the average power reading on the wattmeter. Switch the SPEECH PROCES - 
SOR on and note that the average power reading increases by approximately 
20 watts. It should also be noticable on the oscilloscope display that the 
peak to average modulation levels are less with the speech processor on than 
WHEN aCeES Olt 

With the VOX-PTT switch in the VOX position, adjust the VOX GAIN trim- 
pot (R140) on the audio board so that speaking into the microphone instantly 
keys the unit. Adjust the ANTI TRIP trimpot (R149) on the audio board so 
that audio from the speaker does not key the unit. Varying the VOX DELAY 
trimpot (R144) on the audio board should vary the unkeying delay time from 
0 to 5 seconds. There should be no loud popping noises in the speaker as 
the unit keys or unkeys. Disconnect the microphone. 
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Set the MODE switch to CW, the BRK IN switch to FULL, the CW HARD-SOFT 
switch to HARD. Key and unkey the unit rapidly several times; the receiver 
audio should return the instant the unit is unkeyed. There should be no ob- 
jectionable pops or clicks from the speaker when keying or unkeying at any 
power output setting. Set the BRK IN switch to SEMI, Key and unkey the > 
unit several times. —There should be a 0.5 to 6 second delay between un- 
keying and receiver turn on that varies with the setting of the CW DELAY 
trimpot (R174) on the audio board. 

Set the BRK IN switch to FULL, key the 
unit, and adjust the MIC GAIN control for a 
reading of 75 on the meter with the METER 
ematrch in the ALC position, Rapidly key 
and unkey the unit and compare the oscillo- 
scope display to the illustration presented 
here, to check for proper waveshaping. Set 
the CW HARD/SOFT switch to SOFT and make 
the same check for waveshape. 

The SIDETONE trimpot (R124) on the 
euoio board should vary the devel of the 
audio tone heard in the speaker when the : 
transmitter is keyed. The tone should be "Hard" keying 
present only in the CW or CWN MODE of op- 
eration, and should not be heard with the 
unit unkeyed. Output should vary from no 
output to approximately 1 watt of audio 
Mien the setting of the sidetone level con- 
Erol 

Connect one lead of ail2volt lamp 
(ess than 200 .ma) to 412 volts from the 
power supply and connect the other lead 
from the lamp to the center contact on the 
EXT RLY jack on the rear apron of the unit. 
The lamp should light only when the unit is 
in transmit in any mode. 


"Soft" keying 


RECHIVER OPERATION 


Disconnect the microphone, the SPST switch, wattmeter, "T" connector 
and attenuator, and the dummy load from the unit. Connect an RF signal gen- 
erator to the ANTENNA jack. Connect an AC voltmeter and frequency counter 
across the speaker terminals. Set the MODE switch to USB, VOX/PTT switch to 
PTT, MIC GAIN control fully counterclockwise, and PTO MODE to PTO A. 

Gheck for 0.35 uV sensitivity -at 10 dB S+N/N ravLoronm all bands, see 
the "Servicing Hints" section of this manual for the procedure. Check. the 
sensitivity with the PTO MODE switch in the PTO B position also. Check that 
the sensitivity is better than 1.0 uV at 10 dB StN/N ratio with the input 
moltage set at JIV DC on all. bands. 

Set the RF generator output to 1 uV and note the 5 meter readine, @ Lune 
the unit to each internally generated spurious signal and note that they 
each should be less than the S meter reading noted above. 

Check that the S meter reads S$ 9 +1 S$ unit for 50 uV input signal at 
a supply voltage of 13.8 V DC. The 5 meter reading should vary with the in- 
put signal. Changing the input signal from 1 uV to 0.1 V should result in 
6 aB or less increase in audio output (6 dB is a voltage ratio of O) se. The 
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AF AIN control should vary the audio output from inaudible to 3.5V RMS 
before clipping occurs, with 0.5 uV of input signal. 


Turning the IF GAIN control fully counterclockwise should increase the 
S meter reading to full scale and decrease the units sensitivity. Set the 
IF GAIN control back to its fully clockwise setting. 

Turning the RF GAIN control counterclockwise should decrease the units 
input sensitivity and the S meter reading should decrease, With the RF GAIN 
fully counterclockwise, input sensitivity should be reduced approximately 50 
dB, Set the RF GAIN control back to its fully clockwise position. 

With the AGC DECAY control fully counterclockwise, the unit should have 
no AGC delay time. This is indicated by the 5S meter reading increasing and 
decreasing instantly as the PTO is tuned across a signal. As the AGC DECAY 
control is advanced clockwise, the amount of time required for the AGC to 
decay should increase to approximately 15 seconds at fully clockwise. This 
is indicated by the slow drop in 5S meter readings after tuning off of a sig- 
nal. Set the AGC DECAY control back to its fully counterclockwise position. 

Adjust the RF generator so that the speaker audio tone is 1650 Hz + 20 
Hz. Adjust the NOTCH FILTER control for minimum speaker audio. The audio 
signal should decrease approximately 25 dB, Adjust the RF generator so that 
the speaker audio tone is 2500 Hz +20 Hz. Adjust the NOTCH FILT control 
for minimum speaker audio. The audio signal should decrease about 25 dB. 
Repeat the foregoing at 400 Hz + 10 Hz audio tone. The audio signal should 
decrease by about 25 dB. Set the NOTCH FILT control back to its fully co- 
unterclockwise position, 


NOISE BLANKER OPERATION 


To check the noise blanker circuit, connect a pulse type of noise gen- 
erator to the antenna connector along with the signal generator using the 
"T" connector. If a noise generator is not available, see the "Servicing 
Hints" section of this manual for the schematic diagram of a simple inexpen— 
Sive set that may be constructed and kept for future use. 

Tune in a 0.5 uV signal from the generator; turn on the noise generator 
and set the noise level to S 3 to S8 with the NOISE BLANKER switch Jor 
Turn the NOISE BLANKER switch on; the signal should now be audible above the 
residuai noise. Check on all bands. 

Tune the signal generator to another frequency at least 1 MHz away from 
the set frequency and modulate the signal generator at 100% modulation. In- 
crease the generator output to about 100,000 uV and at this point the noise 
level should come back up to S4 to S8; switching the NOISE BLANKER switch 
from on to off should have no effect. 


PASSBAND TUNING OPERATION 


With the PASSBAND convrol set at 12 o'clock, all eight PASSBAND KHZ 
lights should be on in LSB, USB, and CW modes, In CWN mode, only the 1.5 
and 1.8 lights should be on, In LSB, USB and CW mode, as the PASSBAND con- 
trol is turned clockwise, the PASSBAND KHZ lights should go off sequentially 
proceeding from left to right. At about the 4 o'clock position of the con- 
trol, all lights should be out. As the PASSBAND control is turned counter- 
clockwise from the 12 o'clock position, the PASSBAND KHZ lights should go 
off sequentially proceeding from right to left. At about the 8 o'clock pos- 
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ition of the PASSBAND control, all lights should be out. Set the PASSBAND 
Control! back to the 12 o'clock position. 


CWN TEST 


Set the MODE switch to CW, and adjust the RF generator for 50 uV output 
and adjust the frequency for a 1650 + 20 Hz speaker audio tone. Switch the 
MODE switch to CWN and note that the S meter reading changes by one S unit 
or less. Set the MODE switch to CW, 

Adjust the RF generator frequency for a 2700 Hz + 20 Hz speaker tone 
and set the RF generator output for S9 on the S meter. Turn the PASSBAND 
control counterclockwise until the S meter reading drops to less than 55. 
me this point, only the 2.7 and/or 2.4 PASSBAND KHZ lights should be off. 
Adjust the RF generator frequency for 400 Hz + 20 Hz tone in the speaker and 
set the generator output for an 59 reading on the 5 meter. Turn the PASS- 
BAND control clockwise until the S meter reading drops to less than $5. At 
Poeepoint only the 076 and/or 0.9 PASSBAND KHZ lights should be off. Set 
the PASSBAND control back to its 12 o'clock position. 


PTO CHECK 


Set the PTO MODE switch to PTO A and adjust the RF generator for 50 uV 
output. Tune PTO A across the signal and listen to the speaker audio tone 
Bereany indication of tuning backlash. Tune PTO A fora 1000 Hz + 20 Ha 
tone in the speaker, 

Set the PTO MODE switch to PTO B, Tune PTO B across the signal and 
listen to the speaker audio tone for any indication of tuning backlash. Tune 
PTO B for a 1000 Hz + 20 Hz speaker tone. Both PTOs are now set to the same 
frequency and there should be no interference between the two. Slowly tune 
PTO A back and forth while listening for a change in the audio tone. There 
should be no detectable change. 


EXTERNAL SPHAKER CHECK 


Connect an external speaker to the EXT SPKR/PHONE jack on the rear ap- 
ron of the set. The internal speaker should mute and the added speaker now 
should have audio output. 


EXTERNAL L.O. CHECK 


Disconnect the RF generator from the ANTENNA connector and reconnect it 
to the EXT to jack on the rear apron of the unit. Adjust the RF generator 
frequency to 30 MHz and approximately 0 dBm output. Set the MODE switch to 
LSB, PTO MODE switch to EXT, and BAND to 15. The display frequency should 
be the RF generator output frequency minus 9000.0 kHz + 0.1 kHz. ‘The dis- 
play should be stable and tuning PTO A or PTO B should have no effect on the 
display frequency. 


This completes the operational test of the unit. Disconnect all test 
equipment and reinstall any covers that may have been removed, 
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ALIGNMENT PROCEDURE 


Alignment should be performed only after making a complete performance 
check of the unit. It is advisable to then align only those areas of the 
unit necessary to bring performance up to specification. Also, the replace- 
ment of a defective component will usually restore the units performance 
without requiring any realignment, in most cases. Following this procedure 
will save time and help to avoid the possibility of inadverdantly misalign- 
ing a section of the unit. 


INITIAL SETUP 


Remove the top and bottom covers of the unit. Set the front panel con- 
trols as ollows: AF GAIN to off; RF GAIN to fully clockwise; IF GAIN to 
fully clockwise; AGC DECAY to 12 o'clock; PASSBAND to 12 o'clock; NOTCH FILT 
to fully counterclockwise; MIC GAIN to fully counterclockwise; PTO MODE to 
PTO A; MODE to LSB; BAND to 160 and PTT/VOX SWiLCH tOur ig. 

Connect a suitable power supply to the POWER 13.8 V_ connector on the 
rear apron of the unit. 


VOLTAGE REGULATOR ADJUSTMENT 


Turn the AF GAIN control clockwise to turn the power on. Adjust the 
power supply voltage for 14 V IC. 

Measure the voltage at the collector of Q116 on the distribution board 
and adjust the 10.5 V SET trimpot (R141) on the same board for a reading of 
10.55 + 0.05 V IC on the voltmeter. Vary the power supply voltage from 11 to 
15 volts. The measured voltage should change by less than 0.2 V DC. Reset 
the power supply voltage to 14 V IC. 


BAND VCO ADJUSTMENT 


Measure the voltage at the point labeled 160-15 M EL (near C138) on the 
L.O. board. Adjust the coils according to the following chart for 3575.05 
V 


IC. 
BAND COIL 
160M TIO 
80M T102 
LOM T103 
20M T1LOY 
15M T1O5 


Measure the voltage at the point labeled 10 M EL on the LO board. Set 
the BAND switch to 10A and adjust T106 for 3.20 + 0.1 V DC. SwitchstoriGe: 
10C, and 10D and note that voltage reading increases approximately 0.4 V DC 
for each band. 


BAND REFERENCE OSCILLATOR ADJUSTMENT 


Connect a frequency counter to collector of Q111 on the LO board. Set 
bandswitch to 10D. Adjust the 2 MHz oscillator trimmer capacitor (C246) for 
a frequency of 44,000 MHz +20 Hz. Disconnect the frequency counter. 
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CARRIER OSCILLATOR ADJUSTMENT 


Connect the microphone to the MIC/KEY jack on the front panel. Connect 
the oscilloscope probe to the emitter of Q117 on the exciter board. Key the 
unit with the microphone button and adjust transformer T105 on the exciter 
board for a maximum indication on the oscilloscope of approximately 1 V p-p. 
Unkey the unit. Disconnect the oscilliscope probe and reconnect the freq- 
uency counter to the same point. Key the unit and make adjustments accord- 
ing to the following table, in the order listed. 


MODE CAPACITOR FREQUENCY 
LSB C194 9.00000 MHz +10 Hz 
USB C197 9.00330 MHz +10 Hz 

CW C199 9.00250 MHz +10 Hz 


Unkey the unit and disconnect the frequency counter and microphone. 
PASSBAND TUNING OSCILLATOR ADJUSTMENT 


Measure the voltage at the center leg of the PASSBAND tuning control 
(R103B, rear section) and adjust the PASSBAND control for 5.25 + 0.0574, DC. 

Connect the frequency counter to G2 of Q113 on the exciter board and 
adjust the PBT trimmer capacitor (C206) for a frequency of 22.80165 MHz + 20 
Hz. Vary the PASSBAND control from fully counterclockwise to fully clock- 
wise and note that the PBT oscillator has a frequency range greater than 3.6 
kHz. 

Disconnect the frequency counter and reconnect the oscilloscope pro be 
to the same point. Adjust coil T106 for maximum indication on the oscillo- 
scope screen, approximately 1.5 V p-p. Disconnect the oscilloscope probe. 


COUNTER REFERENCE OSCILLATOR ADJUSTMENT 


Remove the cover from the units frequency counter and connect the shop 
frequency counter to pin 9 of U114 on the counter board. Adjust the refer- 
ence oscillator trimmer (C110) for a irequencyhon il. sl0g72> Mago 2°HzZ.° Dis— 
connect the frequency counter and reinstall the counter cover. 


PASSBAND TUNING INDICATOR ADJUSTMENT 
Set the PASSBAND control to its 12 o'clock position and adjust the A-D 


RANGE trimpot (R166) on the audio board so that all eight PASSBAND KHZ 1i- 
ghts are on. 


J 


O AND RIT ADJUSTMENT 


Set the MODE switch to LSB, and the BAND switch to 20, turn the RIT to 
its off position (RIT light extinguished) and adjust PTOA fora display 
frequency of 14270.0. Switch the MODE switch to USB, and if the display 
frequency changes, adjust the USB SHIFT trimmer (C608) on PTO A so that 
there is no change in the display frequency when shifting between LSB and 
USB modes. 
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Set the RIT control to 0% Push the Ril. “control=to turn =itecr (RIT li- 
ght lighted). If the display frequency changes, adjust the RIT CENTER trim- 
pot (R536) on the PTO control board so that there is no change in the dis- 
play frequency between RIT on and RIT off. Verify that the RIT control 
varies the frequency of the display + 800 to 1500 Hz. 

Turn the PTO A control fully counterclockwise and note how much the 
display frequency goes below 14000.0 kHz. Now turn the PTO A control to its 
clockwise limit and note how much the display frequency goes above 14500.0 
kHz. The amount that the frequency extends beyond the lower and upper band 
limits should be greater than 50 kHz and within 10 kHz of each other. If 
this is not the case, adjust trimmer C606 on PTO A for the proper frequency 
range, 

Set the PTO MODE switch to PTO B and repeat the above procedures for B. 


EXCITER I.F. ADJUSTMENTS 


Set the MODE switch to CW, the PTO MODE switch to PTO A, the PASSBAND 
control to its 12 o'clock position, and adjust PIO A for a display trequemess 
of 14300.0 kHz. Connect the output of the RF generator to the ANTENNA con- 
nector on the rear apron of the unit. Set the RF generator output for 50 uV 
and adjust its frequency for maximum S meter reading on the unit. Adjust 
transformers T101, T102, T103 and T104 on the exciter board for a maximum S 
meter reading. 


AGC AND S METER CALIBRATION 
Use the same test setup as previous section. Connect the oscilloscope 
probe to the cathode of diode CR123 (AF in line) on the audio board. Adjust 
the AGC THRESH trimpot (R101) on the audio board for 600 mV p-p indication 
on the oscilliscope screen. Disconnect the oscilloscope probe. 
Adjust the S METER CAL trimpot (R110) on the audio board for an S 9 in- 
dication on the unit's meter. 


CWN FILTER ADJUSTMENT 


Set the MODE switch to CWN and connect the frequency counter across the 
units speaker terminals, keeping the rest of the test setup the same as for 
the previous section. Adjust PTO A for a 1650 Hz + 20 Hz speaker audio tone 
and adjust CWN trimmer capacitors C130 and C134 on the exciter board for a 
maximum S meter reading. Switch the MODE to CW and verify that the S meter 
reading changes by less than one 5 unit. 


NOTCH FILTER ADJUSTMENT 


Use the same test setup as before. Connect the AC voltmeter or oscil- 
loscope across the speaker terminals. Adjust PTO A for a 1650 + 20 Hz tone 
in the speaker. Adjust the NOTCH FILT control for minimum speaker audio 
output, then adjust the NOTCH FILTER ADJUST trimpot (R178) on the audio bo- 
ard for minimum speaker audio output. Repeat the adjustments of NOTCH FILT 
and N F ADJ controls until there is no further decrease in the speaker audio 
output. The notch filter should attenuate the speaker audio by more than 
25 dB. Verify that speaker audio output can also be attenuated by the notch 
filter with speaker audio tones of 400 Hz and 2500 Hz. Disconnect the freq- 
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uency counter, AC voltmeter or oscilloscope and RF generator from the unit, 
ALC AND METER ADJUSTMENTS 


Connect the microphone to the MIC/KEY jack on the front panel of the 
unit. Connect the RF wattmeter and 50 ohm dummy load to the ANTENNA connec- 
tion on the rear apron. Set the MODE switch to CW and adjust PTO A fora 
display frequency of 14500.0 kHz. 

Connect the DC oscilloscope probe to the "high" potential leg of the 
REFL trimpot (R107) on the preselector board. Key the unit with the micro- 
phone button and adjust the MIC GAIN control for 100 watts of output. Quick- 
ly adjust the SWR NULL trimmer capacitor (C103) on the SWR/wattmeter board 
for minimum DC voltage on the oscilloscope (< 0.5 V DC.)% 


NOTE: During this and subsequent CW tests, limit the "key down" time 
to 30 seconds or less to prevent overheating and resultant dam- 
age to the power amplifier devices. Allow time between trans- 
missions to permit them to cool. 


Disconnect the oscilloscope probe. Set the METER switch to the FWD 
position. Key the unit, and adjust the MIC GAIN for 100 watts of output and 
quickly adjust the EWD trimpot (R147) on the distribution board for a read- 
ing of 100 on the unit's meter. | 

Set the MIC GAIN control fully clockwise, key the unit, and quickly ad- 
just the FWD ALC trimpot (R104) on the preselector board for 110 watts 
or output. 

Disconnect the 50 ohm dummy load and reconnect the 100 watt (10 ohm 
cold) light bulb in its place. With the MIC GAIN control fully clockwise, 
key the unit and quickly adjust the REFL ALC trimpot (R107) on the preselec- 
tor board for 50-60 watts of output. Set the METER switch to REFL, key the 
unit, and quickly adjust the REFL trimpot (R149) on the distribution board 
for a reading of 100 on the unit's meter. (10 watts reflected power) 

Check the output on all bands for 40 to 70 watts of output using the 
tao bulb as a load. 

Disconnect the light bulb load and reconnect the 50 ohm dummy load. 
Check the power output for1l00-120 watts on all bands, with the MIC GAIN 
control fully clockwise. 

Disconnect the coax lead at the ANTENNA connector of the unit. Key the 
unit with the MIC GAIN control fully clockwise and note that the total cur- 
rent drawn from the power supply is less than 12 amperes on all bands. Re- 
connect the coax lead to the ANTENNA connector. 


NOTE: It may be necessary to slightly readjust the FWD and REFL ALC 
trimpots and SWR NULL trimmer capacitor to obtain the proper 
indications on all,bands. 


Set the BAND switch to.20 meters, the METER switch to ALC and the MIC 
GAIN control fully counterclockwise. Key the unit and adjust the ALC ZERO 
trimpot (R110) on the preselector board for a reading of S 2 on the units 
meter. Adjust the MIC GAIN control to its fully clockwise position... ne 
meter reading should increase to +20 or greater. Unkey the unit. 
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PRESELECTOR AND L.O. BANDPASS FILTER ADJUSTMENT 

The alignment of the bandpass filters should be performed only if abso- 
lutely necessary, and then only for those bands that require alignment. In- 
dications of misalignment are significant reduction in power output and re- 
ceiver sensitivity that is not the result of a component failure or mis- 
alignment of transformers, coils and/or oscillators on the exciter board. 

If alignment is to be performed using a sweep generator, follow the 
procedure supplied with the test equipment and test the boards as follows: 


Preselector Bandpass Filters: (with sweeper) 


Connect the sweep generator output to the RX IN jack Gig?) and the sp- 
ectrum analyzer’s input to the RX OUT jack (J136). Sweep each band according 
to the accompanying chart. 


L.O. Bandpass Filters: (with sweeper) 


Disconnect the leg of C177 from pin 7 of Z101 on the LO board and con- 
nect the sweep generator output to the leg of (C177. Connect the analyzer 
input to the LO OUT jack (J103). 

Sweep each band according to the accompanying chart. 


Preselector Bandpass Filters: (without sweeper) 


Disconnect the TX OUT coax at J134 on the preselector board and connect 
the oscilliscope probe to J134. Set the MODE switch to CW, and MIC GAIN 
control to fully clockwise, and key the unit. Adjust the oscilloscope for 
a reasonable indication. 

Adjust the bandpass coils for maximum indication on the oscilloscope at 
the center frequency of each band. 

Tune the PTO across each band and readjust the bandpass coils as neces- 
sary to obtain a flat response (+ 2 dB) across the band without significant- 
ly reducing the maximum output. 


L.O. Bandpass Filters: (without sweeper) 
Disconnect the LO OUT coax at J103 on the LO board and connect the osc- 
illiscope probe to J103. Use the same procedure for adjusting these band- 


pass coils as in the preceeding section. 


NOTE: It is not necessary to key the unit for LO bandpass filter 


adjustment. 
PRESELECTOR BANDPASS FILTER ALIGNMENT TABLE 
BAND RANGE, MHZ CENTER FREQ. COILS 
160 1,.8-2.0 Le9 T1OL, “12.025. Ge 
80 3.5-4.0 Be FDO TOM ee TLOs. T106 
LO 1e0= (eo a PA 8) T1LO7« THOS, TOS 
20 14.0-21.5 14.250 Tie Ta elie 
es 21. 0-11.55 ZZ 50 THIG SET ii eras 
LORD, ud 28.0-30.0 29.0 TIAG6 arte tL he 
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LO. BANDPASS FILTER ALIGNMENT TABLE 


es ns a 


BAND RANGE, MHZ CENTER FREQ. COILS 

160 LO we-deen0) 1.0 L077, 1106. T109 
80 1055 1on0 12.750 TUOnies Tao 
LO 16.0-16.5 16.250 Tei Sele LeL meal 
20 23.0-23.5 23.250 Toray. Tin 6 
15 30.0-30.5 30.250 Wurm: Ueber ula 

eC, D 37.0-39.0 38.0 Ries hop eel ul 
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scnemaric (13.8) C*) 


FOR 1.C. DATA (0.0) (0.6 ) (1.4) LD 
9 / DISTRIBUTION BOARD 
> fi (0.0) LEVELS 


SEE SCHEMATIC 
FOR |.C. DATA 


AUDIO BOARD LEVELS 


8-15 


8-16 


» 


8 


g CUBIC 


COMMUNICATIONS 
SWAht DIVISION 


CPD) CD GD GD 
D 
COE ee ee) ES oa) 


(20) 

Kom) 
CS 
oS 


SEE SCHEMATIC FOR 


LC. DATA (0.0 ) Ge) aD (1.9) 


PTO CONTROL BOARD LEVELS 


ose s'e 8 8 8 
i 
my 6 Qiol t Qio02 {10 
SEE SCHEMATIC 
FOR 1.C. DATA 


PRESENCE OF 
SQUARE WAVE 
MAKES READING 
MEANINGLESS 


COUNTER BOARD LEVELS 


 cusBic 


COMMUNICATIONS 
SWAR DIVISION 


BIT 


SEE SCHEMATIC FOR 
1.C. DATA 
PRESELECTOR BOARD 
LEVELS 


UVIOS MEMORY MAP 


WORD 


TORAT CONTROL 


Ob@ra 1. a 
ee Rl eae R5I0> 
O ff) @ @¢ Sas 


4 sie re @ 


R522 © R523 


xn 
& 
Ww 


2 
e ; 
> 


0 
Sal 


PTO 'B’IN 


SWAN LEGER ON IES 
SCALE: APPROVED BY: DRAWN BY Ail f—, 
2. COMPONENT DESIGNATORS: 7500 SERIES ce a Se 
. COMPONENT DESIGNATORS : 7 Yt perma 


REF CIRCUIT BD |028X-2/0 | | PTO CONTROL BOARD LAYOUT 
REF DRILL DWG 102 Bx=220' / DRAWING NUMBER 
NOTES: ee re ee: 


11mt7 PRINTED OM HO. 1CO0M CLEARPRINT 


US0 | 


»| 18M0s | *8v 
BED 
| 


R |3 | 
7) 


To PTO MODE 


axe txa [1 
Rien ao 
+ev | 


3 


comm 


AIT WIR 
AIT w\ 
AIT -LED | 5 | 


J1I40 


| 
fH 
\O 


PIN DIODE 
DRIVERS 


PTO OUTPUT 
SWITCHES AMP 
ai 


L501 
24a : 
(505 C506 is 
470 
Pa ac J503 
RSIG oles PTO AoRB 


(502 buf. 00 
Tate ws TT b BSG ‘ 
= 560 = = = C5082 C510. 390 
bg csi AG OR Rate Sta TOL! 
605 R507 |€507 470a P £005 CSIZ ee B80. 
esos Teo pe SS a Ss ssma 
2N5223 =a a 


I) 
BAZY4aT CR502 : CsII 
005 


C5IG 
laf C515 R517 


560n 
.00S 
C5I7 RS5IF 005 u70. 


Sy 005 VIDA Ay C5IY 


ea2dy YP 7 BAZYY 
ae CRSO3  CRSOY- 


1, COMPONENT DESIGNATOR 


SS3VES\ VS. 
NidinS Se 


SWAN ELECTRONICS 


ty 


U 


U 
| ps3 
VOLTAG ; C ene =S a & ores DRAWING NUMBER 
Pee eres 


TO DISTRIBUTION BD 


ea 
VN 


8€ 19 ® 


Op 


0 
zJ 
ore he GED) 
CRI09 R10 IZ3.¥ oO 
al 


CRIQ6 1oxP 
o— 
105 
L162 CRIO4 10 


Onih/aam 


JI35 


SWAN ECTR kes 
2. COMPONENT DESIGNATION SERIES 8000 - W. ELECTRON 
1. REF. ELECT. ASSY 102 BX- 2002 acter ; 
{| 


REF. CIRCU/T BD 102 BX- 2102 L 
PRESELECTOR ~ BOARD 


REF. DRILL DWG 102 BX- 2202 
NOTES. LAYOUT 
er 


Rader ge . ™ = 


COMFONENT DESIGNATORS: 
8000 SERIES 


BANDPASS FiLTERS 


2 
DIP CONNECTOR 15 


PAN 
FROM O\STRIBUTION vi 
@RO | 

POALE TA GB) OLIN-M-OKHILY) 


Chi4 
ober \200_f= 


RIT 


CRIO3 


RIOG ® injaiy 
1OK 


C10s 


it .005 | 2 7 ne 
C170 R138 


150P* T108 = 
2 
005 470n 


27eF RI4l 
CIT) 1.5K 


CRI22 


(NAY Q104 
MPSHIO 


OUTPUT 
T/R SWITCHING 


J132 24h 
Cl07 CRIOB 


RX et Sp 


IN) 
= Cl08 MEN340I (2) 


Tx laf 
in G4 ep 
CRIOG 


Ji35 = 
L102 


24 uh 


i 
Ti = 29 er ' 
nee Ree ee 
‘ = ci54 
2206-L SWAN ELECTRONICS 
al 


% MeN BHO] ~ + 2206 1 
| 
| Oe aa ees / [eee 


DATE: 


INPUT T/R 
PRESELECTOR BRD !O2BX% 


SWITCHING 
Pe a 


1684 PRINTED OW HO. 1000M-0 CLEARPRINT FADE. OUT 


— 


TO DISTRIBUTION 8D 


2. COMPONENT DESIGNATORS 300C SERIES. 
|, REF ELEC? ASSY JOZBx-2003 

REF CIRCUIT BD /02Bx-2/03 

REF. DRILL DWG_ 102 BX-2205 


NOTES = 


TO RX INPUT 


SWAN ELECTRONICS 


oars 9-1 6-74 


Hioeaeiedi RP Scam 


BSWITCH EL.P FILT BD LAYOUT 
ram terre? 


FROM PA. 


BLK TOROID 


5 = yYeEL TOR, 
LU he C/22 .005 UE OE ee Cor sole 


70 RX GC——¥ po BE oe =t== 
INPUT 005 


70 
WATTMETER 
BRD & ANTENNA 


160 
Cla4 
‘ I 20 PF 


RED TOROID 
Cis 800 pe. 16T, #20 CHT 
1470 PF 


470 pF al; 237, *22 
= RED TOROID 


LI09 Cll 
1900 PF 

BUTE CATED 

WHT TOROID = 


Liti C/23 

C12) A 2200 PFT WHT TORO/D T 1400 px * 
* = = = 
1400p = = = 


SWAN “PCE RERONICS 


see] CN 
2. COMPONENT DESIGNATION pare: 5-22-79 / REVISED 


SASS ee LOW PASS FILTER /BAND BRD SCHEMATIC 
I. ¥ CMOG PACKAGE 02 £ 


REY | orawine nusser 
ROTESe Le lea 


042) 


N 
9729 


| O8 


Q0z) 


©) \= 
(IED) 1.3 CLED 


161) 


€819 


os 
~w 
WwW 
“NI 
ol 
N 
N 
ve) 
Gy im) a 
N | NS 
S io} 
Ss No) 
io) 
@ 
“N 


To DISTRIBUTION BD FROM PTO S 


AN ELECT SONICS 
a. COMPONENT DES/GNATORS: 5000 SERIES 


SW 
on eee Ve ee 
|. REF. ELECT ASSY /02BX- 200 4- wea eT 
REF. C/RCU/T BOARD 1/02 BX- 2/04 


REF. DR/LL DWG /OARX- 220 4 
MOA SS. 


—— = paeree. SOOM © CLEARE RINT FADE OOF : 
nec iti ei aa aa eee ” : 


ZRCOMEONEINT, DESIGNATOR SERIES: 7200 
ae ae Asoo 8 JOZEX=- 2ZO0C 

REF CrRCOUIT?T SD IOZBX-Z210G 

REP? DRI DW G (OZ BX 2206 


INO Tee: 


tomer PQINTED ON HO. 16000 CLEARPRINT 


S2-8 


CR206| |CR205} |CR204| |CR203| ICR202| ICR201 RII9 
CD A CR207 
S (Oye) 


SWAN, “ELEGHERONICS 


reese 77 ee ee 


Pee | 


DISPLAY BOARD LAYOUT 


DRAWING NUMBER 


l0ZBX-230G 


eee 


we 


ns se 


Uc 


a2) AECL 
oe Be! 05 


. 
oe ee 


QIOS oC) ae 
° 


RIE 


Rit 


WS RUT 


2. COMPONENT DESIGNATORS 7100 SERIES 


Li here eel EC ~ ASSY 
REC ROUIT . BO 
REF DRILL DWG 


NOTES: 


102 BX- 2005 
lOZBX 2105 
102 BX 2205 


SWAN ELECTRONICS 
en a ee 
a 

COUNTER BOARD [AY DET. 


Q2BX- 230 


Hf 
| 


4.7 Fe r 


Clo! clo2 C103 
-/,/2V Luf, 50V | i 


i 


| 7 
Lelio ols 


DRIVER 
PRESCALER 


INPUT AMP 


R105 
iL (O); ae @A @B ac OD 
INPU Ul2 
RI03 C104 7uCla2 
100 005 


R02} R104) Ride 
+ 68 68 22k 


ah 


0 20™ 


O15™ 


NOSE LSE, O 10™ 
IN 9/4 
R12z io 
eek = = RIA 
YIO| 
O 
1.31072 
cio jg MHz | Cull CONTROL LOGIC 
3.5- 65 pF 68 pF 
uy sae SWAN ELECTRONICS 
: scat: WO NE caawn sy A/G 


@ 2.DISPLAY REF DESIGNATOR SERIES 7200 COUNTER / DISPLAY BD SCHEMATI/L 
|. COUNTER REF. DESIGNATOR SERIES 7100 Mee as Sey) Bhat 


Lz 


TO DISTRIBUTION BD TO PASSBAND 
AGC THRESHOLD NOTCH ADJ. 


INDICATOR BD 


NOTCH FILT., 
PASSBAND 


e 


fe) 


—OK $7 1y9 


_ MIC GAIN; CW 
DRIVES: AF 


RI51 GAIN 


Bo 27 


roe 


fofofofofofofojo) 


EXT MOD 
IN 


Ri 
ae 


Wee 


R146 cee me 


SIDETONE LEVEL 
pacued AGC DELAY, |.F GAIN 
O [R138 | 5 Z SPKR; EXT SPKR S- METER 


MIC VOX VOX ANTI- VOX 
EEVELE DELAY GAIN Sein 


a i an ELECT RON TCS 
2. COMPONENT DESIGNATORS 4000 SERIES. 


J. REF. ELECT. ASSY /102BX-2008 pas HONE 
REF CIRCUIT BOARD 102BX-2/08 
REF DRILL DWG 1/02 Bx-2208 Loren B0ARL I 
pee ars 


NOTES: REF CESIGNATION SERIES 4000. 


RECTIFIER AGC AMP SIDETONE KEYER WEES ay j 76108 figs AUDIO POWER AMP 
+1ClO7 


= 4.7 
af 


Cl0G 
ws 
ve Qlo2 0047 
R Ril 
To IF GAIN = Rain INQI4 CRIOG CRIOT| Sak 7 CR109 ENSS55 sd [uioy | RI23 
2N522B_ VIO . 5) . 4 4 " IK 
+ AGC DECAY 2 ae aa Cinelooa > eae 
102< 10 
CONTROLS, co SCRIO3] AT RID (2) CRI ae oie aid cae 
S- METER RIO S = 2.2K RNG Q103 = Df aia) ace 
+ = 10K = = 
OE CAV =n L 10K One = 2N5223 Riz d (2) ds RI26 
Ag cl L RS SIOETONE lis 
CRIOA- IK HO = 33x 8.2K LEVEL = 


ee 
IF GAIN WG BH 
S METER 


OND 15 
JII0 
J108 
EX 
moo Y 
IN = 
INQIQ l0uF 
aan C130 
R48 
RI50 
1OK 
RI5) 
47K 
INaWy Y R64 
(ee) ie 
I 
nN MIC GAIN 2RI63 rg 
\O +MIC 10K & 


1686 «= PRINTED Off NO. 1000N-0 CLEARPRINT PADS. OUT 


TO EXT SPKR 
JACK 


DIP CONNECTOR 


TO PASSBAND 
INDIC. BRO. 


NOTCH FILTER 
ANO 
PASSBAND 

CONTROLS 


8 | 
ONICS 


| SuORN ELECTRONICS | ELECTR 

Sars Cy (ees 
ome 28-79 } — | 
ALUDIS BRO SCHEMATIC 


1028-2408 


EXT KEYSeEXis REN (0-5 V SET 
PA. BIAS CONTROL 


ie) A y TO EXCITER 
BD BD @ 
2 
R128 fo} 
Y UI0l) aig © Keer 
Ri2 
€) 


Ri 


TO COUNTER : RI3 J122 
2%) ry (@ii4 [ao[o 
RI23@ L EW cra Bae 
12 
~ORI22 B } 


5] R12! Gud) Si, oi 


Ril eB crI0 


ee Snits rs ° 
° 


*GeRios a Gay 32 He 
ae Zz 
hide © aan | a R106 


a FS are, 
10 
ane R105 oak, 
Riot (® 
—£) Ejo ae 


Rio2 


TO PTO CONTROL —— 


Loy afl O ye =} By 


J129 


TO FRONT PANEL FROM SWR BD 


BD RIGHT alma s 


FROM B’/SWITCH “TO PRESEL. FROM FRONT PANEL 


€FILT BD 


SWAN | ELEC aes 


2. CUMPONENT DESIGNATORS: 9000 SERIES 
Il. REF. ELECT. ASSY 1028xX-2009 
REF CIRCU!/T BD 102BX-2109 
REF DR/ILL DWG) /02BX- 2209 D/STR/BUT/O 
COMPONEN 


NOES: 


ae 


ecg 


COMPONENT DESIGNATORS: 
9000 SERIES 


CONTROL VOLTAGE 


SHAPING AND SWITCHING CW TIMER 


EXT. KEY 


Rl0¢é 
eee 


ce J03 Rio? R108 
14 18% ©.8K « 
D> 


TO REAR 
CHASSIS 


Rj22 | 3 Jexr. KEY 
ey 2 EXT ALY 


PA. BIAS 
CONTROL 


INQ14 Ri22 
(2)CRIOS 22% 
g 


Quiz 


CW SHAPING CONT, 2N5223 


Q10B A 
2N5223 LRIZ) 


MPS 2925 


Ry 
qnK 


JI22 
TO 
PTO 
CONTROL 
10.5 pee eee: cd 
Lec z er TO 


FRONT PANEL 


AND REG. 


Fwo 


0 Li 
< 7 
: be Past 
, ie 
cua FROM SWR BRO 
Ee Bg Tat 


TO ; 5 = = = 
een . he Heroes 
Ae Bei  eee Bee 


8 [7] Saas rr rane 

145 BSB sa ase ale eee 
vec = = - se 10.8) 

+} : 
Is ca Eve on Akg OP: | 
E28 DODO) 
20 ea alt RIBBON Recs ds 
10 alga TO Recs eao YP 
O-OA-B9 
J eg @ Ieee 


OO ue on eee 
are sted es 
=a 

O0-0-O@B 


OHO-EG) 
R\BBON CABLE 2" 
ferernsne + FILTER ferernsne 


Tees renee TO ¢ c 


SWAN ELECTRONICS 

Q [conn ore Onova 
a 
DISTRIBUTION BRO SCHEMATIC 


ee Mins 


€€-8 


el © Piel Saag (Bi & 
CONTROL BRO 


+8 


O1IP CONNECTOR 
837 TO DISTRIBUTION BRO 


comm 
1) TO Nie 
(2) oO & HARD 
@ O =) O 
OSC aS @ ] 
/. O © ) 
O 2) 3 ; O Bits OFF Ob SSE SOFT 
S80! Y SRO 2 re O O S803 S804 S805 S80 $80) 
/ 
a / 
N RO 
‘STO MOOE Sw yO E «Sw SLA ELECT NicS 


Rex / APPROVED BY: 
As or Rx® j ts& CWN bE 
DRAWING NUMBER 
COMPONENT BESIGNATORS (7800 2 cRPA TO oEXeeaIO 


qE-8 


AZO!I | R302} R303) R304 


O 


3. REF. ELECTR)CAL ASSY 102 BX- 201) 
eget isco OAD: (02 BX -—2 1)! 
KEF. DRILL DWG Oe ha) 

2.LEOS MOUNTED FARSIDE. 

L\COMPONENT DES\IGNATORS 7300 SERIES 
DSTO RD los 


CR305 Pee C307, 


R305 R3IDL F307 


TOAD) Oe P 


V/A le eave Gi ies 


a a 


PASSBAND IND. BD LAYOUT 
BPs 


DRAWING NUMBER 


|O2 BX-231\_ 


CR303 cCR302 


COMMON) 


DIP CONNECTOR 
SOON 2S ise CONS 


FROM AVLDIO BRD. 
DATE: 7—|O-179 REVISED 
U 


INDICATOR BOARD SCALMATIC 


(ee) 

| 

wa PassBAND 
DRAWING NUMBER 

| lO? B-24i\ 


|. COMPONENT DESIGNATORS 7300 SERIES 
NOomes:. 


anno (© AV24 ae. 5 
(Stu 0 coer 

Peel oil alec | ane 
Ol -— 


DSOO-S80¢ 


SWAN ELECT RONINGES 
POWER AMP BORAD LAYOUT 


na DESIGNATORS (COOO SERIES) 0800-2302 


TO 
QC FUSE+ DIODE 


vce 
i) IN 


A107 


CA\O\ 
IN4YOOS 
D 


BIAS AMP 


RF OUT 
COAX 


ZN 3666 
Q\Ol 


DVR AMP 


Se CIN eee ee = 


p scales NONE | p scales NONE | 


pear 1-2-78 | 4-2 pear 1-2-78 | 
POWER AMP BOARD SCHEMATIC 
REV | DRAWING NUMBER 


B REPLACED ALL 05. CAPS p44 
WITH Lut 
I COMPONENT DESIGNATORS (6ODO SERIES) 


OESCAIPTION 


PRINTED OM HO. 1000 CLEARPRINT 


8-8 


tO 


K + €) R103 
i 
i ClOl Siow [C107 | 
ee aa 
Ss YN 


[104 ] 


C103 
ClO 


R\ON 


C105 


SWAN Ee Gis ON es 


SCALE: NONE APPROVED BY: DRAWN BYC DAVIDSON 
| DATE: | -~|\-1Q REVISED 


| SUR /WATTMETER BRO LAYOUT 


DRAWING NUMBER 
ee 


1. COMPONENST DESIGNATORS (7700 SERIES) 
WOTES: 


Bake PRINTED ON NO. 1000H CLEARPRINT 


CARANGED CA\QOG FROM 001 TO 
cher Co B- 24-7719 


BTURNS BIFILAR 
H2GNYLELTE WIRE 


GBn Ve WW 


6£-8 


|. COMPONEDNS 
Not 


SK? 


ESM oho eave citeioy [ap ue ahs 
el ade: 
~\Ob=<<s2 Wr 
2 = 


SK 


R103 9 cCiog C\Og> Senn 
Be? aE OOS 


Si WN eG ai NHS 
APPROVED BY: DRAWN BYC DAVIDSON 


SwRI WAT Ove Tem SA Oe Sar oiler 


DRAWING NUMBER 


DESIGNAaATORS (9700 SERIES) 0200-2403A 


EOLS & 


out 109 13! 
ou Se aD) 


O mC JO or 
Gnd FOE 
Qppe © : ca" T10\ 
7 : 
Oe on ine 
© 


Rito 
ars aie 
E 


“etUl2- asi" 


RI\7 

oF 

QOu® } 
RI\o 


A\ZO 
ie 
0 ey | /A\06 
B} a3 o| {< : 

ae) A ! 
cid : . 
cee 


R\I\G 


SWAN Eee eee ONES 
cores a ee 


PAOS. AI5D0 NOISE BLANKER BRD LAYOUT 


) | = : DRAWING NUMBER 


0800 -2304 


|. COMPONENT DESIGRATORS (74 00SERED 
DSO C1EELS, 


a PRINTED ON NO. 1O0OH CLEARPRINT 


1OK 
RAIN? 


Gs} AI2d $ 27 wn 
eT 25223 


CIWS .005 | BT 
QFLR 


Alol 


470n Clo! WW (- ° de (- : he fea) 
22K Q107 caio3 


R1O3 § RIOH Ce ree as IN34@ 
= 20K CAI0\ 
C104 


B32 05¢ 
GyPCLSE-OUT 
(coax) 


PULSE AMP 


AMPS —————” 


SWAN EL EGET ARONIGS 
APPROVED BY: 


pare: |- 12-78 / 


PROD. 


c DESI ( DRAWING NUMBER 
COMPONENT ONATORS (7400 SERIES) | O16 0B00 -2YO4A 


t-8 


ot-8 


a UEEEEEEEEEEEEEEEEE 


Sila | Ee eis ON Gs 


BCALE: NOA)E APPROVED BY: 
DATE: 9-|4-18 


AE OME colle eon ARs NORGE 


l. COMPONENT DESIGNATORS 7600 SERIES | OBDO- 2305 
nNIOTES . 


DRAWN BYC DAVIOSON 


REVISED 


USe 
C603 cGOY C606 SHIFT 
> 50TC SOTC 1oPF ADD. 


FROM 1% 
AIT Cae | Rod2 | 


MAIN = tyes PTO “OUTEOR 
TUNINGO , Colof——_ .zV P-P_ NOM 


R09 le a Seo) Se OMRE 


Sk + = = 
RolS 200ef C20¢F 
CGI4 CIS 


SWAN ELECTRONICS 


cate: A/ONE DRAWN BY’ Dav iOse 
pare: 9-22-78 


PTO BRD SCHEMATIC (0328-188A) 
ILCOMPONENT OESIUNATDAS T7G00 SERIES DRAWING NUMBER 
| eee ii ses 


+ Otz-xazal Md W/dd #ay 
L0/1Z-X9tO!| AYVOT LINDH/D Asay 


Loagz-xgz7ol ASSVY 4193973 AAY 1 
‘“SFIAAIS 0002 SYOLYNOISAT LNANOADWOD ‘2 
SIJINOYLIZIA NVMS 


Gq NOLLNGIALSIT OL 


dere) 8ZZ4y os 
bc), S tIZY oo gOIT 


C) x7EEDO- ig 
o) 80Id) FO dy 


ag 


Co 


GES p = ae 


ne S0zy 5 : y 4 7 aa 
ac ait ae Sg 
a OMT aIrD 
loin * eee oe x bios ay 
ee ee 
ey ag « 


2 ® A 
a 
a 


Cor 
Oki Hely S 
eG Oe gO so) 


: 


on an 
ee 


ae 


west 


Sy 


RX MIXER/ 
BAL. MOD. 


cI50 R159 
iy lak 10% 


C107 
luk 
R102 


JIle C02 
Ax . .005 


MPSHIO CY 
ray 


ClO4 


R216 
l00n 
Tl106 
014-087 


JOS Dae ; i 22.B OIG MAE 
= : ‘& YI05 
LO — Cle+ 6A 6.0x| ©8¢ 
IN : CO R24S 0203 
I 905 a : 
es « SRIE7 QS $Ri73 ; (206 a. Rear 
Js 220, ' > a Jk HTOn 
ee ties = Rbk = | 66ef 1 ppt 


CoE 005 100% | R213 cri0 OSCILLATOR 


COUNTER 100K if mv)4o4d 


C207 
00S 


SWAN aT 


pecs: NONE | So 
p eare FO 7-9 | Cel 
I. COMPONENT DES!IGNATORS SERIES EXC\TER amore Bente 


NOTES: berets 8-4 
ogee ee ers =O .' lioe 8- O28 2407 | 5 


nN Lar) © 4 . | 
uy ont. 4 4 é wv 
oe , the , , a s he | a ' ¢ ‘ 
Cee ie) © qe ee qemenm 40 & : jieene 2 
t 
a . 
z bi 
a o “ 
3. 
ae if thd 
i pig 
» 0h hcefiy t% 
oe ipa a cael | or 
eo. 2 boy { 
boa Ge 
: wad & 
; ; ; 
\ : ) 
‘1 ) ’ 
‘ a paetrart 
id yy” " ye 
; * : 
( 
tener UM) f 4 
; 4 ta 
ts ne 
. Hi P 
- Ps 
¢ 
4 b Y 
- ‘ 
3 Be 
~ P ” 
, by ae 
i ‘ 
é ” ¥ 
w 
i ti hy ‘4 t 
al (ued 
ee | f 
F + ' 
i 
5 Fa j i 
} . 4 \ "s : 
3 é i . an ‘ay iy 
=, ‘ 
_ . 
j : Seat 
C 4 } . 
‘ n 
¥ Ry a = ve 
{ 
7 i 
4 
} 
i i 
. 4 ire ae * ‘ ° 
i~ ’ ; 2 ) 7 
- 4 ‘ é 
a & ' 
t based hyp viliy : 
a : 
‘ t a Ps ig 
{ t i or 
~~ Wh 
F . 
rd ; nae mae ia * 
‘ ¥ y 


wae. ae eetpemeny en dit 


. 


are er ee amt i ye nd ia [Oe “ Deealy 


alate © tp 


. 
‘ 
e 
' 
5 
\ : 
a » 
tn m4 
i oul 
iri j oy a 
¥ r ‘ 
ia #s te) i el, 
J i, * Aw . ‘ i 
: "he i = ; 
PTs y. 
 — 
% | -_ } 4 
i at ‘ 
e | pond beth 
= ' } 9 ‘ 
: : . 
. “ ferry’ ws 7 Ayl 
‘ } a. 
vn ters Gc , ’ a 
f 1 te, » 4 
‘ 
4 eres wer 8 
4 L 
i Me | pot 
it ! a 
‘ ‘ 
ry 
re: 9 > a 
Yr ' ~ 
.a ey oo 
A : | 
= 
i 
P ‘ 
co vet te 
; \ 
“a < ‘a! 
7 J % 
7 ¢ ip 
é » OO Ake 
“rk é " a 
"i } i all a 
4 ‘ 
(' t 4 i 
a 
, . 
> ~~ 
ee ~ a 
a 
a “¢y iy 
ive > iT 
y ; 
: 
; } 
r 
™ } Pere 
; a ; 
aa 4% ¥ » 


4 
~t 
2 


RX MIXER/ IST XTAL 
BAL. MOD. N/B GATE FILTER 


+10.5 


Jioe T102 
Qto4 
M00E 4137 omeraq) 32!8T 
ees Clot 
= — -J.005 
Z/01 
Jlle@ cloz 
AX 005 
IN 
Qicl 
mesnio( 
ay 
CiO4 
005 
Ries 
JINS5 39K CRIOY ie 
CERT ee Oe 


LO Cle+ (FP) 
1N 
g 005 Nos pele CRIOS 


\x SRIE7 Ae Tciea 
“f hy Sc 163 = Rice 
oot Fas 00 1 
COUNTER 
162 
hey Rigy 
100n INJECTION 

= = SWITCHING 
LO AMP 


|. COMPONENT DESIGNATORS SERIES 2000. 
NOTES: 


.005 470n 


AGC IST, PBT SSB XTAL FILTER 2ND PBT 
ATTEN. pay MIXER CWN XTAL FILTER MIXER 


a LF | C150 R159 


Rud Ri30 R31 R133 
heat i ra obs dead 100, L 5 el 10% 
anseza(~) C122 pet | RIS8 
oy ‘age L103 sage 10K 
ek [CHF R)29$ 22K Y] 2.2uh Ri32 Qllo 1 247 Lio¥ ae 
Lriz4 Qlos = ee 2NS223 ares Re 
~ 68042 (20> ROSES .005 a ’ Qn3 
ClI® RI23 7.005 ade oh CL) {RO cis 4os22 [Beef ICH7 4g 
cRI0 aie | ih se eof] \20eT 
eAaz4d (@)RI2 ve + RI35 3300 + = 
27K RI27 qi23 «0's tee 
a 4700 00S } 1 
005 ]ci2) U tL $220 cing 
: = 2 00 
RI26 = 2N S223 ‘5 
Cl2q (131 C133 C135 = 


4100 


fe) 
Q109 ba R139 Bef 3 Bef Bef 


Ci43 
R1i38 1000 C132. One NS 
3304 C130 3467 BE ii 
=— (— = —— 
227 Sis =) ) = = 
+ LT 2elasaT zi4el W/2ng223 
pa im = = I5K$Qill 
1Z.QMHEe \3.8MK2 005 IK R153 
YIO! Yio2 pe «es 470 


= 330n 


aa 7 CRIOG 
INDIA 


Ts) = CRIOG _ CRIOT 


POT 
Rivgs 
3.34% 


R22C}/C221 > 
47 + R729 


TRANSMIT 
MIXER 


R229/47uF op 
K C413 ap 


oie 
CONNECTOR 
Jiie 


Rica 
100A 


C205 
22. BOIG Mut = 
10K R207 Y 220pF 
SK Ge 6.8x| &8 ai 
is ‘@ eG: CARRIER C5R246c203 
1005 120 coe i . OSC. (206 aan Re 
183 2 C0) ae a 
a empress eet Ve [c184]a 206] vios Y 104 227 5 
C182 (2) 68pF 
olf R202 22007 | ax CT 9.000 2 = PBT 
sll C181 ois R205 Ls6 vse = R213 cRi10 «6 OSCILLATOR 
"g —_— 
1.5K T.005 = PRODUCT 4700 chi =cia4 | cies C1q7 100K =< 
CI74 Ris7 = DETECTOR 22064 25 2ef ue 


C207 
005 


| ol 


SWAN ELECTRONICS 


Y —a 
EXC\TER BRO SCHEMATIC 


esas creas Soe ae, [iecasemh 


BANDPASS 
ITERS 
BAND VCO'S 


CRIC2 
MV2%03 


rig 


43oF 


Cloe 
bF 


40 Qic1 = 
\ 2N5223 


CIC5 d7on lane 
.005 RIOS T if |C|80 


ae tal 
LRI04 6Gpf 


+ } 
33u 
C109 


LiCl 
Zan | 


C108 | op¢ 


a1 pl 


005 RZ 


ATOav cua 
BOS | abe 


4700 ci27y 
i 


Qlo4~ 
@NS223 


: [Saki 
isch ENP oe my 


me ee 


Chie] pee 
calf 


C138] )205 


R173 
220n 


CRIO8B 


* MEPN3UOI 
' > 
‘ey & 


TI09 


MOEN34DI 


CRIfe 
MPN34O! 


R187 
820 
T118 5 


8:2 JCRI4 


a sD 
| ‘eb 
- 3401 


005 
+2!) 


FREQUENCY 
MHZ 

[120] 10.5 -11.0 

feo [ize 3.0 | 

20 


leano] 


|ion| 37.0-37-5 | 
joe |a7s- 380 | 


lOCnS BOSS 
100 {328.5 - 39.0 


EXT/INT. SWITCH 


VI 
EXT £0 
In 


mes 


216 |RI97 
ma fs 19 
nO RIL 


Ts sania Wie Re 
Q118 Wa 
MPSHIO 005 ee 
680, (2) | anes } 
F qd 


SINr 
RI93 021416215 CB0n 
41K Rigs 


ea- 
244 [ces 


APH a 


RI25 a SF 
43 f + 22of sds\e RiQ4 Ya 


C132 


CRIOW i 
mv2i03 L 
ae 
Ria 


R207 ane 

39K a) us 
ro i \ Qi2i 
F ee 


R205 
R204 Wan 
B20n 
T12) 
B:2/cRI18 
ry 


é eects 
145 470.0. Exe nag 
005 R133 : 


4700 


mesnio 
005 
R206 
6B0n. 
C230 
.005 


Aloe 
L. J 2NSz23 
CIS4 U70On 


beO 


ae ae ere 


& 


$4 


LOGIC PREMIXER BANDPASS 


‘ DRIVER VCO PRESCALER PREMIXER FILTERS 
BAND vCOS VCO +BY 
BUFFERS Pee 

pi R170 

Rlo2 ee R43 C163 RISG oer “ei ater we 
CIC I Tcio# ee eal 27 €177 0057 RIT) 
ne ey sack R07 els wie aye aot] i ea hae! 

3 jG 78 luf 


5 470, AY naan’ eT Glad, (P!07 (Pe took tite (iP aoe 
005 RIOS lo \he ara ees aK {) Q104 
2 


MeS M10 
won CCT cresT cicT RL Sry AP 


4 4 4 clél =e RISe lef 15 14 131211109 R08 $ 8.2% 
apf a1 pf ae Lt 00, 005 S00, 1SOoF a LJ CI74 2.7K ) RICF 
6.8% RKC it 220n9 R149 [eves co] Ea 00s 
R113 cine > Pie Wie Saas S) edna he 
ae Qa i 
mePshKiIO 
Cre + Cliq [> 80 R1GG B0 | 
whef 7 seer Ble 72 sss 3.3K RIGT 
na . 
ai02 = = 
e) L103 L104 
AR GA Se 3.34 3.34% RI}4 
cc 
TRIOS CII4 CUS w2on 4704 
18 MAE 
Cc a 005 RINZ 
—weegslS C7 C8 120 
Saale tire eho nis pane PROGRAMMABLE 
= ° r) e 
[ase DIVIDER 
ZR R120 
Yn RC 
ee +C129 
ar 336 
ne ote 
(2163 ~ Licgs LICE 
: 2206] » dN cies Catan ee-eeh RZ) 
"RITE C24 aT A704 Roe) 21.5 me BAND PROGRAM 
C123 905 
Bee a, CHAT Wer 2t toca] MEMORY 
Cee Sr ae ea Gent) S00 
frend [ee 
ae RIZ7 
4x 
R23 tug LC136 + C139 [>20 
T [3 
a ‘4 Qt04 = Loy —sL 108 
’ N5223 220, 22h «RIB 
ry a —_—— 160 
iRI24S C134 aris we CRASS 28.5 mHe 
005 RIZG eo 
C1337. 
= Ci37\[e) celagi[e Coil, 
B30 F470.» = = = aoe. 
HRI25 22 oF Bof 22pF 


CRIO¥ 


a 43 of i) 
ecm ged es oy EE 
g 


7 RI34 INQY 
4In 10 
RI30 CHG ar Eat ad 
lf , 
‘ | 
E V4 = = CR1I32 
og t) veh “Be Ex Brae nntece INQ : CR133 oie 
THOS IRIBI Sc py 45 470.0 W0n | 35.5 maz # PHASE DET. CONNECTOR 
CT Qi * Fees 005 R133 MATRIX : 
100% = isoefL ee Jem? = Jes = Jciso 
Riza + Ch4z 1R132 306 34 of 306f Ul0& 
mv2103 - D Recs R ue ce 
4 230 DYOLOB +24 
cRI0s = = Rie) an ay 40 e2my7 
ve P> 10 R224 2 lo<] 
RIE7 CIss + C158 22KS yy == 
wt 
a i ~ a REF OSC/ ane 
005 7 aloe — Lill Liz C2KG S al) a 
=; e 2N5223 1.8 \.Buhh R142 ey haa SS DG ERROR ae (9) 9) 40 
aR ——= x ‘ 
eet ane on ae 22 t Teas AMPS mag mension anfaize Ea 4 
ot 2: C152 005 RIND re 9 R236 iba Tez36 iat 
RIZ6é 1 Lise] 470. Jeise ers Te159 opt 10K = R215 109° C241 
- = pie < = = 
100% + 1R134 lof 2Opf Spf LOOP. |icx C251 raed pe 
CRIOG SG 001 ; 
mvan L FILTER | 2 [eos ibe 
R241 \C248 = 
100K 
al C249 C250 
-O01nF 
= (cxoe) 1.5K 0015 
+R239 | [nos 
10 Ao IN, = 
1@Q- ™ RAD 


I.COMPONENT DESIGNATORS SERIES 5000 
NOTES: 


BAND PHASE LOCKED LOOP 


CRIO8 
MPNZ4UO! 


L.O. FAEQVENCY 


leanol me 
10.5 -110 

= 
FEES=Cen 5 
1oa[ 37.0-37-5 | 
[toe [37.5 - 38.0 
[loc 
100 |38.5 - 39.0 


CRIIO 
MPN34DI 


MPN 340! 


Jig} 


06s 
cso. (2) RIGS 
RIG3 °214/C21S5| eBon 
470 47K Rigs 
R92 Ri94y 4790 


= £242] .005 


SWAN ELECTRONICS 
= ae a 
pare: 7-27-79 = 
L.O. BRO. SCKEMATIC 


Eee 


CRIEZ EXT/INT. SWITCH 


oe 


—_ “9 Te OPO & 
] 
X 
G 
. 
. “si 
£ + 
Ln 
' r 
as: ri 
sear 4 aie 
w4 «fs a mA F fie 
~ . é 
A ¥ A hed > 
an rill dr a 
far) > oe 
eee ee es = aa 
ae ee = a ae 
f f ' P ee y. - : Panel ine 
aor mentees BSS F EE III AM | 
Ge - 7 » 


— ee ee 


FILTER 


NOISE BLANKER SRO 


0800-2105 
Q400 Series) 


d — 
© 13\ 
Rx 
OvT 


(Switch + 
PASS FILTER 

kX - 2103 

(3000 SERIES) 


PRESELECTOR 
BRO 

102 BX - 2102 

8000 SERIES) 


FwoO, REFL, ALC 


RIDHA ONT PANEL 


25x PRT BRO 
A\o3B @Bx-21/0 
ane feos ae 7800 SERIES) 
NOTcCwA PASSBAND 


lOZBX MAIN CAASSIS + INTERCONNECT 


DENOTES MULTI CONDUCTOR 
CABLE ASSP, N= NOMBER 
OF CONDUCTORS 


pee I lo 


OENOTES |G LEAO RIBBON 
CABLE WITH DIP PLUGS. 


CONSIST OF ONE ORTWO 
LETTERS FOLLOWED BY FOUR 


DIGITS. 
EXAMPLE : QGI01 
Qa 6 101 
w~ CY Se 
TRANSISTOR FPA SEQUENTIAL 
BRO NUMBER 


! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
13, ALL COMPONENT OESIGNATORS 
| 
i} 
| 
i 
| 
| 
! 
| 
| 
1 
| 
| 


TRANSISTOR CATA 
BOTTOM VIEW: UNLESS OTHERUI 
SPECIFIED 


MPSHIO 


 tigem a ome eee 


4 


MAF 433 
MRE 4586 


2N5814 


7805 


OoT 
ii [rer in 
78m08 IN 


MPF -97\ 


MPF Y393 
2N5670 


— = - — = ee Stay 


c? 


-4 at 
seme i 4 
: ; | 
oath ~ 
H / Se , 
et ae ae 
4 
r 
‘ 
c~: 
ee 
at pee sna poee | 
, S ~~ 
‘@ & 
A 
’ 
’ 
‘ 


] 


a ae ee. ee 
a Sl : 


a, INS 


POWER AMP BRO 


0800-2102 
(@OOO SERIES) Vcc IN 


AF 


1028X-2104 
(5000 Series) 


AUDIO BRO 
1028x-2108 
(4000 SERIES) 


DS10! 
(Q) 
SS, 
a P129 
nels [ease 
aS eS 
2. COG Sa 
ECGs EAE Sree 
DN aA ae 
- 
lias een a 
cub JORaenie 
25K ' nl ! 
Kg | ° 
a hee * Oe H Lobe ' 
Gain ar AE... pemor 
NOTCH mc PAR 
FILTER side cat CW DRIVE GAIN GAIN avos LT 
GOV 
C108 09! 
C1OY 


POWER CONN. 


OUTSIOE 
VIELo 


EXC\TEAR SAD 
\O2ZBX -2107 
(2000 SERIES) 


TO COUNTER IN 


KEY RELAY ANTENNA 


J159 O OR '60 diel (9) 


SWR BAD 
0800-2104 


NOISE BLANKER SRO 


vie [Pus AF OUT ©) J\3\ 
a iat (ef 
OvT 


O\ISTRIBOTION BRO 


102BX -2\09 
(A000 SERIES) 


BANDSWITCH + 
LOW PASS FILTER 
1028xX - 2103 

(3000 SERIES) 


L.O. OUT RX opt 


vi5O Jie ©) 


Flle — P153] 0153 


Pro JIdS 


&—O |©)aore wiz ICT Pa 
ouT vol ] 
= PTO CONTROL BRO (J500SERIES) 
1O02BX -2\0\ yen JI5Y 
& 
JI84 PTO A IN PTO 


J132 | P32 


PRESELECTOR 
BRO 

102BX -2102 

(8000 SERIES) 


C107 ~ C114 
PI5| 
(--7 


J\5) FRONT PANEL 


RIGHT BRO 
WO 102BX-21/0 
jexs (7800 SERIES) 


COUNTER BAO 
102Bx -2105 


10 
PASSBAND INDICATOR cart 


> 1H} eae iozex- 211 
182 “362 (7300 SERIES) 


t 
| 
\ 
" 


4 eZ A] 
DENOTES MULTI CONDUCTOR 
CABLE ASSY, N= NomBER 


OF CONDUCTORS 


z \ ie 


DENOTES I& LERO RIBBON 
CABLE WITH DIF PLUGS 


(6) -210 
phat Lol 3, ALL COMPONENT OESIGNATORS 
a ) CONS/ST OF ONE OR TWO 
CH puise PUR LETTERS FOLLOWED BY FOUR 
OvT DIGITS. 
: EXAMPLE : QGIOl 
AF AF ; a 6 101 
THRU THRU a oad <a <a 
TRANSISTOR PA SEQUENTIAL 
' eRo NUMBER 
! 
| 
! 


TRANSISTOR OATA 


BOTTOM VIEW: UNLESS OTHERW 


SPECIFIED 


MPSHIO BEC) 
78L08 lp 3 
out IN 


com 


oF) 8 
2N3 866 ec 
8 
TIP 42 Toe < 
e 


MAF 433 
MRE 4SSE 


8 


2NS5814 

7805 Ae 
7s8mos IN 

= 

40822 

3N211 
MPS-AY42 

ansazs €°9 
znsass &<e) 


MPF -97\ 
os 
2N5670 


ecu: NOAIE | BRAmm BMC. ORV IDS 
aoe A oY 


«i 
oe a” ta REP wr or 


2 
< Lwat 


Y 


VOX DELAY VOX ANTI TRIP 
R4144 R4149 


MIC LEVEL VOX GAIN CW DELAY 
R4138 R4140 R4179 


LEFT SIDE VIEW 


R410]. | NE Se | 


R9171 


R9147 


R4138 


R4144 
R4140 
R4149 


R4179 
CR4123 


R9149 


R7532 


R4178 ged 
R4166 
R8110 
R8104 


C7110 


TOP VIEW 


Z2101 
C2199 


C7606(B) C7608(B) ©C7606(A) 


C7608(A) C5246 


BOTTOM VIEW 


ae 


g CUBIC 


COMMUNICATIONS 
SWARM DIVISION 


Parts 


\O 
1 


| 
10 \0 10 © ONININN WOW FWNND EH 


ETI ECOMUNG Ol Site atcie a boa cis ass icin se eietale 6 t.6 Ci80e.k. boa Weeeene 
Integrated EAMG Wee eva tebetae eat shciete ere Teka ale Baie. 0.a.6 a0 14 aseie bie e 


I 


DMO Cie Speometeteretetere Gist oes Cleve eiereiaouc ease stale’ cee ie 0 o ie w beep abt 


Exciter Board (2000 Ber ee eee itis occ are eco ees 
Low Pass Filter/Band Switch Board (3000 Series)...<s 
Pome rdm(O00 WOGTISS) os cates st cere sc ¢es ceeee ss 
Local Oscillator Board (5000 SENET) RA ed AR ne ea 
Power amplirier Board (6000 Series)... .cccceceecssess 
Counter Board (7100 S Crete preueetty Hay a eR 
Noise Planker Board (‘7400 Series). ..<ss0s seve coee ses 
PTO Control Board (7500 SEAS 5 ee Or ae a eae 
Peer OOORSErl OS) oe pueteie sive sclele bac s 00's 00% 00.0 
owl) Nac meter poard: (7700 Series) <aesc.ei cee clces vis 
Pconmiranelunient Board (7600 Series) .. icc se cece se ee 
Precelector Board (8000 Series) ..cscccccssceccecses 
Distribution. Board (9000 ee ee eee eens eye os 
Doma vele Ouse SCM Ul aise ssc aiete ale Nis otitis a6 0018 were e's 8 88 
Bee PO tales wespel storie (eats olafaveieilete ein 6 eie-s\citie alee «010s 60's a's 


 cusic 


COMMUNICATIONS 
SWAR! DIVISION 


NOTE: Only “parts peculiar" are listed in this section of the manual; that 
is, only those parts which might otherwise be difficult for the servicing 
facility to obtain. Common resistors and capacitors are omitted; their val- 
ue is shown on the schematic diagrams, and the type, size, wattage, etc., 
can be determined from the part being replaced. Since any service shop can 
be expected to have a stock of these common parts available, it is unlikely 
that they would be ordered from Cubic Communications in any event. 

Circuit symbols shown on the schematics should be correlated with the 
“series' number also shown on the schematic, as only the last three digits 
of the circuit symbol are used on the diagrams; for instance integrated cir- 
cuit U101 on the exciter board (2000 series) schematic would be shown in the 
parts list under circuit symbol U2101; C106 on the low pass filter board 
(3000 series) would be shown under circuit symbol C3106 in the parts list. 
The full circuit symbol, the description of the part, and the model and ser- 
ial number of the radio should be supplied with any parts order to ensure 
that the correct part is shipped. Semiconductors are listed separately, by 
manufacturer's type number and Cubic Communications part number only. 
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Integrated Circuits, Continued 
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EXCITER BOARD (2000 Series) 

Garewal Cubic Part Hose orion 
Symbol 7.) | Number gavnanwel same aa sen er 
C2130 089-028 Capacitor, trimmer, 2-27 pF 
C2134 089-028 Capacitor, trimmer, 2-27 pF 
C2185 073-052 Capacitor, Electrolytic, 10 uF 
C2188 084-084 Capacitor, temp. comp, 220 pF, N2200 
C2189 084-084 Capacitor, temp. comp, 220 pF, N2200 
C2194 089-028 Capacitor, trimmer, 2-27 pF 
C2195 084-111 Capacitor, temp. comp. 25 pF, N470 
C2197 089-028 Capacitor, trimmer, 2-27 pF 
C2198 084-111 Capacitor, temp. comp. 25 pF, N470 
C2199 089-028 Capacitor, trimmer, 2-27 pF 
C2206 089-028 Capacitor, trimmer, 2-27 pF 


Shel 
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O221 1 073-052 Capacitor, electrolytic, 10 uF 
C2202 073-085 Capacitor, electrolytic, 33 uF 
C2713 073-055 Capacitor, electrolytic, 4.7 uF 
C2220 084-060 Capacitor, temp. comp, 10 pF, NPO 
C7221. 073-085 Capacitor, electrolytic, 33 uf 
L2101 012-247 Inductor, 160 uH 
L2102 012-247 Inductor, 160 uH 
§2103 027-061 RE choke, 2.2 ui 
L2104 027-044 RF choke, 10 uH 
21.05 027-083 RF choke, 8.2 uH 
L2106 027-040 RF choke, 47 uH 
52107 027-040 RF choke, 47 uH 
L2108 027-040 RF choke, 47 uH 
P2101 014-067 Transformer, RF 
72102 014-067 Transformer, RF 
203 012-253 Transformer, RF 
T2104 014-057 Transformer, RF 
T2105 014-058 Transformer, RF 
T2106 014-057 Transformer, RF 
Y2101 486-102 Crystal, HC18, 13.800 MHz, 20 pF 
T2102 486-102 CUrystaleentCLo.. 13. GO00VNHs..20 opr 
Y2103 486-080 Crystal, HC18, 9.0000 MHz, 32 pF 
Y2104 486-081 Crystad, nGdsG., 9.0033 MHz. 32 pr 
12105 486-103 G@rystal, Hele, 22, 80165 MHz, 10 pF 
Z2101 0800-2004 Double balanced mixer 
Z2102 0800-2004 Double balanced mixer 
FL2101 487-024 Filter, crystal, 9.00165 MHz 
FL2102 487-029 Ba lteryocrystal, 13,600, MHz 
341-026 Socket, 16 pin 
B4U4-114 Coax connector, vertical receptical 
344-115 Coax connector, spring socket 


LOW PASS FILTER/BAND SWITCH BOARD (3000 Series) 


Circuit Cubie Part 


Symbol Neetooe: Description 
K3101 111-036 Relay. meedsy SPST 

L3101 027-072 Coil weak 2.55°0H 10 meter 
L3102 027-072 Comi. Skid, 35 ul, LOsmeter 
L3103 027-073 CoM eRE 46 wh, L5emeter 
L3104 027-073 Coil, RE ,...46-uH, 15 meter 
L3105 027-074 Goi), eRFo4.62 uH, 20cmeter 
L3106 027-074 Cod ethee, Oe ul, 20emeter 
L3107 027-075 Coil ake. sb.5aul, 40 meter 
L3108 027-075 Coil, RF, 1.5 uH, 40 meter 
L3109 027-076 Coil wh 2.G uh, S0-meter 
L3110 027-076 Cob, ekhEsa 2.0 ul, SO,meter 
i541. 027-079 Coil, RF, 4.5 uH, 160 meter 
oLi2 027-079 Coil, RF, 4.5 uH, 160 meter 
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$3101 171-176 Switch, band 

93102 171-176 Owitch, band 

$3103 171-176 Switch, band 
341-026 Socket, 16 pin 
344-114 Coax connector, vertical receptical 
344-115 Coax connector, spring socket 


AUDIO BOARD (4000 Series) 


Circuit Cubie Part Wecorea tt 

Symbol Number pee 

C4102 069-024 Capacitor, tantalum, 68 uF 

C4103 073-085 Capacitors .ehkectrolytic, eo 5nuu: 
C4105 070-001 Capacitor, stable ceramic, .0047 uF 
C4106 070-001 Capacitor, stable ceramic, .0047 uF 
C4107 073-055 Capacitor, electrolytic, 4.7 uF 
C4108 073-064 Capacitor, electrolytic, 100 uF 
C4109 073-064 Capacitor, electrolytic, 100 uF 
C4112 073-064 Capacitor, electrolytic, 100 uF 
C4115 073-064 Capacitor, electrolytic, 100 uF 
C4116 070-012 Capacitor, stable ceramic, 1 uF 
C4121 073-085 Capacitor, electrolytic, 33 uF 
C4122 073-051 Capacitor. electrolytic, seul 

C4123 073-085 Capacitor, electrolytic, 35, ul 
C4125 073-052 Capacitor, electrolytic, 10 uF 
C4126 073-085 Capacitor, .elecurolyiicaams Un 
C4128 073-051 Capacitor, electrolytic, 1 uF 

C4130 073-052 Capacitor, electrolytic, 10 ur 
C4131 073-051 Capacitor, electrolytic, 1 uF 

C4132 073-051 Capacitor, electrolytic, 1 uF 

C4133 073-051 Capacitor, electrolytic, 1 uF 

C4134 073-051 Capacitor, electrolytic, L7ur 

C4136 073-051 Capacitor, electrolytic, 1 uF 

C4139 073-051 Capaciton,,electrolyuic,, Lo ul 

C4140 073-051 Capacitor, electrolytic, 1 uF 

C4141 073-088 Capacitor, electrolytic, 220 uF 
C4143 070-001 Capacitor, stable ceramic, .0047 uF 
C4144 088-137 Capacitor, silver mica, 1800 pF, 1%, DM19 
CHI45 088-137 Capacitor, silver mica, 1800 pF, 1%, DM19 
R4101 052-119 Trimpot, 10 kQ 

P4110 052-119 Trimpot, 10 ek 

RUL2N 052-131 Trimpot, 1 kA 

R4138 052-119 Trimpot, 10) kQ 

R4140 052-133 Trimpot 77-1. ehe? 

R444 052-133 Trimpot, 1 MQ 

R4149 052-148 Trimpot, 100 

R4166 052-151 Trimpot, 50 kQ 

RYT 040-005 Resistor, 47 kQ, + watt, 1% 

R4175 040-004 Resistor, 10 kQ, 7 watt, 1% 

R4176 040-006 Resistor, 5.6 kQ, % watt, 1% 

R4178 052-151 Trimpot, 50 kQ 

R4179 052-133 Trimpot. 1 MOQ 
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341-026 
344-114 
344-115 


Socket, 16 pin 
Coax connector, vertical receptical 
Coax connector, spring socket 


LOCAL OSCILLATOR BOARD (5000 Series) 


Cubic Part 


ey eet enue Description 

C5109 073-085 Capacitor, electrolytic, 33 uF 
C5119 073-085 Capacitor, electrolytic, 33 uF 
C5129 073-085 Capacitor, electrolytic; 33<uF 
C5139 073-085 Capacitor, electrolytic, 33 uF 
C5149 073-085 Capacitor, electrolyitc, 33 uF 
C5158 073-085 Canacitor, electrolytic, 33 ur 
C5246 089-030 Capacitor, trimmer, 3.5-65 pF 
C5248 070-002 Capacitor, stable ceramic, .001 uF 
C5249 070-012 Capacitor, stable ceramic, 1 uF 
C5250 070-002 Capacitor, stable ceramic, .001 uF 
C5251 070-002 Capacitor, stable ceramic, .001 uF 
L5101 027-069 RF Choke, 3.3 uH 

L5102 027-069 RF Choke, 3.3 uH 

L5103 027-069 RF Choke, 3.3 uH 

L5104 027-069 RF Choke, 3.3 uH 

L5105 027-061 RF Choke, 2.2 uH 

L5106 027-061 RF Choke, 2.2 uH 

L5107 027-061 RF Choke, 2.2 uH 

L5108 027-061 RF Choke, 2.2 uH 

L5109 027-059 RF Choke, 1.5 uH 

L5110 027-059 RF Choke, 1.5 uH 

BS5i 1 027-060 RF Choke, 1.8 uH 

LS te Ed 027-060 RF Choke, 1.5 ui 

T5101 012-254 Transformer, RF 

T5102 012-254 Transformer, RF 

75103 012-255 Transformer, RF 

T5106 012-255 Transformer, RF 

T5107 014-068 Transformer, RF 

T5108 014-068 Transformer, RF 

T5109 014-068 Transformer, RF 

T5110 014-068 Transformer, RF 

ios a 014-068 Transformer, RF 

Ped? 014-068 Transformer, RF 

T5113 014-067 Transformer, RF 

T5114 014-068 Transformer, RF 

T5115 014-067 Transformer, RF 

T5116 014-066 Transformer, RF 

T5117 014-067 Transformer, RF 

T5118 014-066 Transformer, RF 

T5119 014-066 Transformer, RF 

T5120 014-067 Transformer, RF 

T5121 014-066 Transformer, RF 

T5122 014-066 Transformer, RF 
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or 


Tees 014-067 Transformer, RF 
T5124 014-066 Transformer, RF 
Y5101 486-100 Crystal, HC33, 2.000 MHz, + .00% 
Z5101 0800-039 Double balanced mixer 
341-026 Socket, 16 pin 
344-114 Coax connector, vertical receptical 
344-115 Coax connector, spring socket 
POWER AMPLIFIER BOARD (6000 Series) 
Circuit Cubic Part Dee on 
Symbol Number ooo. 
C6105 070-012 Capacitor, stable ceramic, 1 uF 
C6108 073-064 Capacitor, electrolytic, 100 uF 
C6112 070-012 Capacitor, stable ceramic, 1 uF 
C6114 073-064 Capacitor, electrolytic, 100 uF 
C6119 073-060 Capacitor, electrolytic, 10 uF 
C6121 070-012 Gapacitonx, stable ceramic,). ull 
C6124 070-012 Capacitor, stable ceramic, 1 uF 
FB6101 027-055 Ferrite bead 
FB6102 027-055 Ferrite bead 
L6101 027-050 RF choke, 4.7 uH 
L6102 027-061 RE choke; 2.28uH 
L6103 027-071 RF choke 
R6107 049-060 Resistor, 502 5 W, 10% 
R6108 049-017 Resistor, 0.470, 2 W, 5% 
R6114 049-060 Resistor, 502 5 W, 10% 
R6119 048-180 Resistor, 18N, 2 W, 5% 
R6122 048-180 Resistor, 180N, 2 W, 5% 
R6123 048-180 Resistor, 180, 2 W, 5% 
R6124 048-180 Resistor, 180, 2 W, 5% 
T6101 273-014 Transformer, RF, interstage 
T6102 273-013 Transformer, RF, interstage 
T6103 273-006B Transformer, RF, output 
116-002 Heatsink 
116-019 Heatsink, power amplifier 
COUNTER BOARD (7100 Series) 
Circure Cubic Part D hoe 
era Nuaes escription 
C7102 070-012 Capacitor, stable ceramic, 1 uF 
C7110 089-030 Capacitor, trimmer, 3.5 to 65 pF 
eval 084-116 Capacitor, temp. comp, 68 pF, N5200 
R7101 049-068 Resistor, wirewound, 4.70, 5 W. 
PLO I: 486-101 Crystal, 1.31072 MHz, .HC jj oe cUnp) para er 


9-6 


 cusic 


COMMUNICATIONS 
Swarr DIVISION 


————S- eee Sea 


Carcuit Cibic: Part DeCeE ees 

Symbol Number Ces eee 

C7416 073-060 Capacitor, electrolytic, 10 uF 
T7HO1 014-062 Transformer, RF 


PTO CONTROL BOARD (7500 Series) 


Circuit Cubic Part 


tol Nien Description 
L7501 027-078 RF Choke, 24 uH 
VAS 04 027-078 RF Choke, 24 uH 
L503 027-044 RF Choke, 10 uH 
N7 532 052-119 TEiMDpot, 10. ko 
R7536 052-119 irimpov, 10° hq 
344-114 Coax connector, vertical receptical 
344-115 Coax connector, spring socket 
344-117 Wafer connector, 4 pin 
344-147 Wafer connector, 3 pin 
344-148 Wafer connector, 5 pin 
PTO BOARD (7600 Series) 
Carcuit Cubic Part Dene ation 
Symbol Number P 
C7602 084-011 Capacitor, temp. comp, 30 pF, NPO 
C7603 084-057 Capacitor, temp. comp, 50 pF, N3300 
C7604 084-057 Capacitor, temp. comp, 50 pF, N3300 
C7605 084-088 Capacitor, temp. comp, 50 pF, N75 
C7606 075-005 Capacitor, trimmer, 1.8 to 13 pF 
C7608 075-017 Capacitor, trimmer, 1.2 to 4.2 pF 
C7613 084-093 Capacitor, temp. comp., 1 pF NPO 
L7602 027-049 RF choke, 200 uH 
L7603 027-049 RF choke, 200 uH 
L7604 027-050 RF choke, 4.7 uH 


SWR/WATTMETER BOARD (7700 Series) 


a Dea Description 
67703 089-028 Capacitor, trimmer, 4-30 pF 
C7705 073-051 Capacitor, electrolytic, 1 uF 
T7701 012-256 Transformer, RF 

0800-5303 Coax receptical, modified S0239 
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Circuit Cubic. rags Teseriet en 

Symbol Number 

57801 171-188 Switch, PTO Mode 

S7802 171-189 Switch, Mode 

$7803 172-035 Switch, VOX/PTT 

S7804 172-035 Switch, Noise Blanker 

57805 172-035 Switch, Speech Processor 

S7806 172-035 Switch, Breakin 

$7807 172-035 Switch, Hard/Soft Keying 
344-117 Wafer connector, 4 circuit 
341-026 Socket, 16 pin 


PRESELECTOR BOARD (8000 Series) 


Cireuit Cubbie Part Deceript on 

Symbol Number 

Lenox. 027-078 RF Choke, 24 uH 

L8102 027-078 RF Choke, 24 uH 

L8103 012-247 RF Choke, 160 uH 

L8104 012-257 Transformer, RF 

R8104 052-133 Lrimpoe, 1aho 

R8107 052-133 Trimpot, J. MQ 

R8110 052-132 Trimpot, 100 kQ 

T8LOl 014-070 Transformer, RF 

T8102 014-070 Transformer, RF 

T8103 014-070 Transformer, RF 

T8104 014-069 Transformer, RF 

T8105 014-069 Transformer, RF 

T8106 014-069 Transformer, RF 

T8107 014-068 Transformer, RF 

T8108 014-069 Transformer, RF 

T8109 014-068 Transformer, RF 

DUNO 014-067 Transformer, RF 

TSIAT 014-068 Transformer, RF 

T8112 014-067 Transformer, RF 

T8113 014-066 Transformer, RF 

T8114 014-067 Transformer, RF 

T8115 014-066 Transformer, RF 

T8116 014-066 Transformer, RF 

T6107 014-067 Transformer, RF 

T8118 014-066 Transformer, RF 
344-114 Coax connector, vertical receptacle 
344-115 Coax connector, spring socket 
341-026 Socket, 16 contact 
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DISTRIBUTION BOARD (9000 Series) 


Carcuit Guble* Part D Trae 
Behe) Wee escription 
C9101 070-012 Capacitor, stable ceramic, 1 uF 
C9102 070-012 Capacitor, stable ceramic, 1 uF 
C9103 070-013 Capacitor, stable ceramic, 0.1 uF 
C9104 070-012 Capacitor, stable ceramic, 1 uF 
C9105 070-020 Capacitor, stable ceramic, 0.33 uF 
C9106 069-017 Capacitor, tantalum, 2.2 uF 
C9108 070-012 Capacitor, stable ceramic, 1 uF 
C9109 073-088 Capacitor, electrolytic, 220 uF 
C9111 073-088 Capacitor, electrolytic, 220 uF 
C9114 073-085 Capacitor, electrolytic, 33 uF 
C9115 073-085 Capacitor, electrolytic, 33 uF 
C9116 073-085 Capacitor, electrolytic, 33 uF 
C9120 073-055 Capacitor, electrolytic, 4.7 uF 
R9141 052-119 Trimpots 10nik. 
R9147 052-133 Trimpot, 1 MQ 
R9149 052-133 Trimpot, 1 MQ 

116-020 Heat sink for TIP42 

311-014 Insulating washer 

341-026 Socket, 16 pin 

344-117 Wafer connection, 4 pin 

344-136 Wafer connection, 8 pin 

344-150 Wafer connection, 2 pin 

344-147 Wafer connection, 3 pin 

344-149 Wafer connection, 6 pin 

COUNTER BOX ASSEMBLY 
ee Pact Description 
Number 
077-001 Capacitor, feed through, 1000 pF 
344-146 Connector, 3 circuit 
344-151 Receptacle, 8 circuit 
344-152 Plug, 8 circuit 
344-153 Crimp terminal for plug 
344-1 54 Crimp terminal for socket 
MISCELLANEOUS 

eect Description | 
222-001 Rubber feet, small 
223-002 Til testand sO 
102B-1310 Cabinet top 
102B-1311 Cabinet bottom 
0800-5403 Bezel 
150-032 D.C. Power cord 
222-002 Rubber feet, large 


vee 
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045-223F Potentiometer, RIT, with switch 
052-112 Potentiometer, AF/RF Gain, with switch 
052-152 Potentiometer, MIC Gain and Passband Tuning 
052-153 Potentiometer, IF and AGC 

052-154 Potentiometer, tandem, Notch Filter 
112-038 Meter 

152-008 Speaker 

171-190 Bandswitch detent 

172-036 Switch, rocker, level handle 
211-043 Knob, 3/4" with insert 

211-044 Wing knob, 3/4", with insert 
211-072 Knob, dual, 4mm and 6mm shafts 

ZA = 075 Knob, 3/4", with insert; .187 dia shaft 
211-047 Knob, ‘dual, wath bar 

211-080 Knob, with spinner 

344-082 Receptacle, 6 circuit, power 
344-083 Pins for above 

344-118 Connector, 4 pin, housing only 
344-135 Connector, 8 pin, housing only 
344-146 Connector, 3 pin, housing only 
344-155 Connector, 2 pin, housing only 
344-156 Connector, 5 pin, housing only 
344-157 Connector, 6 pin, housing only 
344-119 Crimp terminal for above 

455-123 Escutcheon 

455-124 Filter for digital readout 

471-007 Lamp, 12 volt, miniature 

680-004 Ribbon cable assembly, 3 3/4" 
680-005 Ribbon cable assembly, 9" 

680-006 Ribbon cable assembly, 18 1/8" 
680-007 Ribbon cable assembly, 11 1/2" 
680-009 Ribbon cable assembly, 15" 

680-010 Ribbon cable assembly, 16 1/8" 
102B-3203 PTO Assembly, complete 
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OPERATING MANUAL 
MODEL PSU-6 POWER SUPPLY 


The Swan PSU-6 fixed station power supply-speaker provides 
a regulated D.C. voltage for operation of all Swan solid 
state transceivers, but is intended particularly to match 
the Swan ASTRO-102BX Transceiver. 


The PSU-6 is designed to operate from nominal 117 volts A.C., 
50-60 Hz or 230 volts A.C. 50-60 Hz. . All assemblies are 
factory wired for 117 v.a.c. operation, however, they may 
easily be re-wired for 230 v.a.c. operation. 


The PSU-6 is conservatively rated at 20 amps at 13.6 volts 

for intermittant operation and 10 amps semi-continuous opera- 

tion. 

* Intermittant operation: Operated under a cycle of one 
minute on and four minutes off. 


* Semi-continuous: Eight hours continuous in 24 hours. 


The output voltage is factory set to 13.6 v.d.c. and is 
adjustable over a range of approximately 10 to 23 volts. 

The output regulation at full load is 3%, ripple is less 

than 1%. The heatsink is adequate for operation under the 
above operating conditions, however, under prolonged operation, 
the heatsink will reach temperatures too hot to touch. The 


.supply should not be positioned so that Circulation of air 


around the heatsink is inhibited. If operation is intended 
over a long period of time or under environmental conditions 
of high ambient temperature, it is recommended that a small 
fan be used to direct air against the heatsink. 


The PSU-6 is styled to match the Swan transceivers and is 
complete with A.C. line cord, D.C. power cable with connector 
for ‘the transceiver. .The front panel contains ON-OFF switch 
and indicator light. The PSU-6 also has a speaker for external 
speaker operation, and a jack for low impedance headphones. 


A two conductor connector at the end of the D.C. power cable 


is provided to power certain accessories (1.e., Pilot Lights 
of Antenna Tuner) and is fused by fuse in transceiver. 


Specifications: 


Average Power Consumption: 117 watts receive 
700 watts transmit 
Input: 117/230 VAC 
50-60 Hz 
Dimensions: 9.3/4" Wex 54/8 eee 0) 3/44D 


Weight: £9 Ibs 212 ozs. 8.967-KS 
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Since Cubic Communications, Inc. is constantly striving to improve its 
products, it reserves the right to make changes without notice or 
obligation. 


The information contained in this document is the property of Cubic 
Communications, Inc. in conjunction with operating and maintaining 
the ASTRO-103 Transceiver. This information may not be copied, re- 
printed, or disclosed to a third party, either wholly or in part, 
without the written consent of Cubic Communications,Inc. 
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A member of the Cubic Corporation family of companies. 


To the Service Technician: 


The ASTRO-103 is an updated version of the sireld=oroven 
ASTRO-102BX, adding the new amateur bands designated during 
the 1979 World Administrative Radio Conference (WARC). The 
new bands are added by substitution of the bandswitch and 
lowpass filter assembly and by the addition of preselector 
and local oscillator sections corresponding to the new bands 
at 30), 47 “an dieheme tence 


In addition to the new bands, an RTTY mode has been added 
to the transceiver that enables the use of the optional 6 
pole narrow bandwidth crystal filter while operating on the 
lower sideband, such as is normal in amateur radio teletype 
using audio frequency shift keying. Some minor changes 
were made in the PTO mode switching sequence in response to 
customer suggestions. 


All other features of the ASTRO-102BX are incorporated into 
the ASTRO=103. It is ‘possibile to converte anno =10eE 
transceiver into, an ASTRO-103. by. the additjow of the new 
boards and some minor modifications to the existing boards 
following the step by step procedure written for the ASTRO-103 
conversion kit. You can perform this conversion for your 
customers by ordé@ring the convers10nen1 


This manual is written as an addendum to the ASTRO-102BX 
Service Manual to emphasize the similarity between the two 
transceivers. This manual is organized in exactly the same 
sequence as the ASTRO-102BX Service Manual, with only the 
Significant differences between the two transceivers indi- 
cated in the addendum. 


You will note that the Swan name has been dropped and only 
the Cubic Communications name has been retained. The organi- 
zation remains dedicated to the goal of serving the needs of 
Our customers and our service technicians throughout the 
world. 


Sincerely, 
CUBIC COMMUNICATIONS, INC. 


C, Ud gla 


SS. Ce Wrigne 
resident 


JCW/1b 


305 Airport Rd. e Oceanside, Ca. 92054 @ Telephone (714) 757-7525 Telex: 695435; ANS BK: CUBICOM, OCEN. 
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General 


(MmLOrmMation 


The Cubic Communications, Inc. (CCI) ASTRO-103 is similar 
to the Swan ASTRO-102BX and the CCI ASTRO-102BXA with the addition of 
the new bands at 30, 17, and 12 meters. 


The old standard 2 pole narrow band crystal CW filter has 
been deleted and replaced with an optional 6 pole unit having a 6dB 
bandwidth of 400 Hz. Older model transceivers can be upgraded to use 
the new 6 pole narrow CW filter with the addition of an accessory 
circuit board. Newer model transceivers have space on the exciter 
circuit board to accommodate the optional filter. 


The RTTY mode in the ASTRO-103 transceiver is useable only if the 
optional CW narrow filter is installed. This mode is basically LSB 
narrow with the position of the 400 Hz bandwidth filter controlled by 
the passband tuning control. 
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Specifications 


GENERAL 


Frequency Coverage 
For the ASTRO-103, add the following bands: 


SD fee ete oie Sielees corals 10.0-10.5 MHz 
Ll eee ewes ses ks 18.0-18.5 MHz 
A ee eae 24.5-25.0 MHz 


Modes of Operation: 
For the ASTRO-103, add the following: 


CW Narrow with the optional filter 
RTTY (LSB Narrow) with the optional filter 


Rear Panel: 


For the ASTRO-103, add the following: 


Separate Receiving Antenna: RCA Jack 
Receiver Antenna Selector: Slide Switch 
pibae ealiiE Rk 


Receiver Selectivity: 
For the ASTRO-103, change CWN to read: 


CWN and RTTY--400 Hz bandwidth 6 pole crystal filter in series 
with 8 pole SSB filter 


@ CUBIC 
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Receiver Theory 
Bandswiteh and Low Pass Fulters.e 2. co. ce ce ereeeree 3-2 
Pres@leCtor sta cited «Gravestone aus oe eter nee nee erie a eeate 3-2 
CW Narrow: FU Tey ei ectete ac o!erc oa otro et aberetene telecaranevenere te 3-3 
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The ASTRO-103 is similar to the ASTRO-102BX in that one of six 
lowpass filters is switched into the circuit in both receive and transmit 
conditions. The filter sections are shared on some bands, however, with 
the 30 and 40 meter bands utilizing one section, the 17 and 20 meter 
bands utilizing a second section, and the 12 and 15 meter bands sharing 
a third section. The component values for edch filter section are some- 
what modified from the values used in the ASTRO-102BX. 


Receiver antenna switching is performed by relay K101 when the 
common or normal receive antenna selection is made on the rear panel 
switch added in the ASTRO-103. A second relay has been added in the 
ASTRO-103 to allow for use of a separate receiving antenna. The contacts 
on this second relay connect the antenna side of C122 (in the ASTRO-102BX 
schematic) to the separate receiving antenna input jack on the rear panel. 
The antenna selection switch on the rear panel merely selects which relay 
is activated by transistor Q102. The drive to shunt transistor, QI10I, 
has been slightly modified in the ASTRO-103 to eliminate any slight delay 
in the opening of either relay. Otherwise the operation of this circuitry 
is similar in both transceivers. 


The band control wafer, S103, on the bandswitch has been modified 
to provide additional band control lines. In order to preserve the 
wiring in the ASTRO-102BX transceivers being upgraded to the ASTRO-103 
configuration, the control information for the three additional bands 
has been brought out through a separate connector for use elsewhere in 
the transceiver. 


Refer to the schematic diagram for the lowpass filter board pro- 
vided with the manual addendum for additional information. 


PRESELECTOR 


The preselector section in the ASTRO-103 transceiver operates in 
a similar fashion as the preselector section in the ASTRO-102BX. A 
second preselector board (Auxiliary Preselector) is mounted above the 
original preselector board to accommodate the three new bands with a 
coaxial cable interconnection between the boards. Switching of selected 
bands is performed by the control lines originating at S103 as before. 
Refer to the schematic diagrams for the Preselector and Auxiliary Pre- 
selector boards provided with this addendum. 
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CWN FILTER 


The 2 pole CWN filter provided with the ASTRO-102BX has been deleted 
in the ASTRO-103. A 6 pole filter is available as an option. On early 
model transceivers, the 6 pole filter is mounted on an auxiliary circuit 
board above the area formerly containing the 2 pole filter. Late model 
transceivers utilize a circuit board having provisions for drop-in 
mounting of the 6 pole filter. 
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Transmitter Theory 


All transmitter circuitry in the ASTRO-103 is identical to that in the 
ASTRO-102BX with the exception of the Preselector Bandpass Filters. As 


in the ASTRO-102BX, the identical filters are used in both receive and 
transmit. 
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Oscillator Theory 


Band Voltage Controlled Oscillators. 20.2 eee ee ee 


Local Oscillator Mixer 


e@eeeveveveveev eeeeseveeeeveessveevreeeveee eevee eeeeeer 
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BAND VOLTAGE CONTROLLED OSCILLATORS : 

The band voltage controlled oscillators in the ASTRO-103 trans- 
ceiver are essentially identical to those in the ASTRO-102BX. An 
Auxiliary Local Oscillator board is mounted above the Local Oscillator 
board to provide space for the oscillators used on the added bands with 
a coaxial cable interconnection between the two boards to couple the 
oscillator output. 


The programming of counters U102 and U103 is accomplished in a 
similar manner in the two transceivers except the programmable read only 
memory (PROM) U105 is modified for the ASTRO-103. Previously unused 
States in the PROM are programmed to the desired conditions corresponding 
to the new bands. Late model ASTRO-102BXA transceivers are Shipped with 
the PROM corresponding to either the ASTRO-102BX or ASTRO-103 confidu- 
rations. This part can be recognized by the CCI part number marked on 
the top of U105 -- if the number is 478-012 it is suitable for an 
ASTRO-103, if the number is 478-008 it is suitable only for an ASTRO-102BX. 


Some changes are made in the steering of the band control lines 
as shown in the schematic diagram on page 5-2 of the ASTRO-102BX Service 
Manual. The diode matrix shown in this diagram is replaced with a similar 
matrix on the Auxiliary L.0. board with provisions for the three addi- 
tional bands. The output of the matrix is then wired to U105 using a 5 
wire cable, 


The outputs of the D.C. Error Amplifiers are brought up to the 
Auxiliary L.0. board to control the oscillators. The 12 meter oscillator 
utilizes the 10 meter error line while the 30 and 17 meter oscillators 
utilize the 160-15 meter error line. 


The schematic diagrams for the Auxiliary L.0. and the L.0. board 
with the ASTRO-103 modification are included with this manual. Refer 
to these schematic diagrams for.additional details. 


LOCAL OSCILLATOR MIXER 


The Auxiliary L.0O. board also contains a set of three bandpass 
filters to accommodate the L.0. signal for the three new bands. The 
circuits are similar to those on the L.0O. board with circuit selection 
performed by the band control lines. 


In addition to the band VCOs, diode matrix and the bandpass filters, 
the Auxiliary L.0. board contains circuitry and connectors to properly 
interconnect all modules utilizing the band control Signals. Refer to 
the schematic diagrams and main interconnect diagram for complete details. 
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Ancillary Circuits 


FREQUENCY COUNTER 


The frequency counter circuitry in the ASTRO-103 is modified to 
accommodate primarily the 30 meter band. As can be seen from the des- 
cription in the ASTRO-102BX Service Manual, the most significant digit 
in the frequency display is controlled by external gating operating on 
the band control lines. The control wiring to the frequency counter is 
intercepted on the Auxiliary L.0O. board in order to add the additional 
gating for the 30, 17, and 12 meter bands. 


The problem with the 30 meter band, however, is that the most 
Significant digit would be a |] above 10 MHz and a O below 10 MHz. An 
external gating signal could not perform this function. An Auxiliary 
Counter circuit board is thus installed internally to the counter 
enclosure to sense the above or below 10 MHz condition. The most 
significant digit is thus controlled correctly on the 30 and 20 meter 
bands. All other bands have the most significant digit controlled 
directly by the band control lines. 
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Servicing Hints 


The ASTRO-103 represents an addition to the capability and features 
of the ASTRO-102BX but utilizes the same type of circuitry and components. 
Consequently, no change in the text of this section is required. The 
following additional note, however, can be applied to both the ASTRO-102BX 
and the ASTRO-103. 


PASSBAND TUNING 


An analysis of the filter response curves shown in the passband 
tuning section in the ASTRO-102BX Service Manual will show that one edge 
of the overall response curve will remain fixed in frequency while the 
opposite edge can be varied by using the PASSBAND TUNING control. A 
clockwise rotation of the control from the mid position will hold the 
upper edge fixed while varying the lower edge. Conversely, a counter- 
clockwise rotation of the control will hold the lower edge fixed while 
varying the upper edge. In this manner, the overall bandwidth can be 
varied and can be used to eliminate interference near one corner or the 
other of the filter response curve. 


A comparison with amateur transceivers from other manufacturers 
will sometimes reveal that the function called passband tuning by some 
manufacturers would be better described as IF shift. The function is 
sometimes known by that name. The IF shift function merely moves the 
same filter bandwidth over a small range of frequencies. Although an 
interfering signal occuring near one edge of the normal response band 
could be eliminated with this method, the shift of the overall band could 
introduce interference from signals near the opposite edge. Note that 
the passband tuning function, as implemented in the ASTRO-102BX and 
ASTRO-103 transceivers, requires a second crystal filter, two mixers and 
a front panel controllable oscillator, while the much less effective IF 
shift function only requires a method of varying the beat frequency 
oscillator and tuning oscillator together from a front panel control. 
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Servicing Data 


Display Frequency Accuracy-CheCkiucs cici. eescecllbere hash Cree 8-2 
Alignment Procedure 
Band: VCO... 5 0% o wiat ovctelets cles out chats oe rere cinta tein aan 8-2 
Preselector: and L20 v7 Bandpass, Filters 2,5 ose ee eee 8-2 
Layouts/Schematics 
Auxil any .Preselector Board ccc. ceecteele cae nee 8-6, 8-7 
103 Low Pass :Filter/Band Selector Boardses.= 21... 8-8, 8-9 
Auxi] any LO Boarda (lea yout). ee eee eee 8-10, 8-11 
Auxiliary Counters Board: ie ate ee eee eee ee 8-12, 8-13 
103:-Front: Panel: Right. Boards ncas teste eee ee 8-14, 8-15 
New: Excl tey.Bodirds 2% ccckece cease choke charts Gee pecans eee 8-16, 8-17 
Main Chassis/ Interconnect. Schematics. opens oe 8-18 
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As the ASTRO-103 represents an addition to the ASTRO-102BX, most 
of the servicing data remains unchanged. Only the additions or modifi- 
cation to the data required by the ASTRO-103 will be provided in this 
addendum. 


DISPLAY FREQUENCY ACCURACY 
inpodrdaoraph”3, add’”..... and RTTY modes." after "LSB" 
CWN TEST 


The same test used for the CWN function can be repeated in the 
RTTY mode by substituting LSB for CW and RTTY for CWN. The RF generator 
frequency must be readjusted for the desired tone frequencies and will be 
below the indicated frequency in LSB and RTTY modes while it will be above 
the indicated frequency in CW and CWN modes. 


BAND VCO ADJUSTMENT 


The adjustments of the band VCOs for the 30, 17, and 12 meter bands 
are similar to the other bands except that the adjustment is on the 
Auxiliary L.0. board. Of course, this board must be removed in order to 
gain access to the lower board adjustments (if required). 


Adjust the coils on the Auxiliary L.0. board according to the 
following chart only if required and with the board mounted in position: 


BAND COIL Esk VOLTAGE 
30 1203 160-15 oie pararae, 
iy T202 160-15 Si tae CO 
12 T201 P2e10 Sy ogee co 


PRESELECTOR AND L.O. BANDPASS FILTER ADJUSTMENT 


The bandpass filters on the Auxiliary Preselector and on the 
Auxiliary L.0. boards should be adjusted only if absolutely necessary 
and then only for those bands that require alignment. The auxiliary 
boards must be removed to allow access to the main board adjustments 
and then reinstalled to all for realignment of the auxiliary board 
transformers. The test points and method of test is identical for both 
the original ASTRO-102BX configuration and for the ASTRO-103 additions. 
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AUXILIARY PRESELECTOR BANDPASS FILTER ALIGNMENT TABLE 


BAND 


30 
17 
Nie 


BAND 


30 
17 
te 


RANGE, MHz 


10.0-10.5 
18.0-18.5 
24.5-25.0 


CENTER FREQ 


105250 
18.250 
24.750 


COTES 


T2075. W208; 
712044. t205: 
TOTS he0s 


AUXILIARY L.0. BANDPASS FILTER ALIGNMENT TABLE 


RANGE , MHz 


TO S0=1925 
270-2) 25 
33.5-34.0 


CENTER FREQ 


T9250) 
2) cou 
So ahd 


COILS 


TZN, Vics 
1,207.21 208% 
T7204, 1205, 


T2609 
T206 
203 


ally 
209 
T1206 
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Parts 


bowerass + 1iter/band Switch board (3000%Series). .o 2 Se fe 9-2 
Aux lary *Locals0sciiatomBoard, (5200: Series) 2:2 2c c2ee eee. 9-3 
PROntaane Won Th cen dards 7b00 -SCY1ES)) v veces ses oo ooce oo vee c's 9-2 
Mixaiiarvyerreseiector Board (8000 Series). osi..ss.ccccccccee 9-4 
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Only parts unique to the ASTRO-103 are listed in this section. 
When refering to the parts lists for the ASTRO-102BX, the Lowpass Filter/ 
Band Switch and the Front Panel, Right boards are replaced in their 
entirety. The Auxiliary Preselector, Auxiliary L.0. and Auxiliary Counter 
boards are new boards used only in the ASTRO-103. 


LOWPASS FILTER/BANDSWITCH BOARD (3000 Series) 
Changes for the ASTRO-103 Only 


nn nc a EEE Uy ES SI DES Sn 


CLECULt Cubic Part Description 

Symbo ] Number 

K3102 111-036 Relay, Reed SPST 

£3107 027-081 Coil, RF, 1.15 uH, 14T (30, 40 Meters) 
L3108 027-081 Coil, RF, 1.15 uH, 14T (30, 40 Meters) 
L311] 027-098 Coil, RF, 6.4 uH, 33T (160 Meters) 
L3112 027-098 Coil, RF, 6.4 uH, 33T (160 Meters) 
$3101 171-205 Switch Wafer 

$3102 171-205 Switch Wafer 

$3103 171-205 Switch Wafer 


FRONT PANEL, RIGHT BOARD (7800 Series) 
Changes for the ASTRO-103 Only 


a —aiEEEEEEEEEREEEEEEEEREEEREEERERRREERR EERE 


Circutt Cubiesrare Description 
Symbo | Number 
$7802 171-188 Switch, Mode 
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AUXILIARY L.0. BOARD (5200 Series) 


ASTRO-103 Only - Other parts similar to L.0. Board on ASTRO-102BX 


Grrcurt Gubsec-Part Description 
Symbo 1 Number 

T5201 012-231 Transformer, RF 6T 
M5202 014-066 Transformer, RF, 8T 
T5203 012-255 Transformer, RF, 9T 
T5204 014-066 Transformer, RF, 8T 
15205 014-067 Transformer, RF, 14T 
T5206 014-066 Iganstormer, Rr! oly/Azi. 
oO 014-066 Transformer, RF, 81 
T5208 014-067 Transformer, RF, 14T 
T5209 014-066 Transformer, RF, 81/12T 
I SVAT® 014-066 Transformer, RF, 8T 
T5211 014-067 Transformer, 14T 

T5212 014-066 Transformer, RF, 81/12T 
L5201 027-059 RF Choke 1.5 uH 

L5202 027-059 RF Choke 1.5 uH 

L5203 027-060 RF Choke 1.8 uH 

L5204 027-060 RF Choke 1.8 uH 

L5205 027-062 RF Choke 2.7 uH 

L5206 027-062 RF Choke 2.7 uH 

U5105 476-012 PROM with code for ASTRO-103 


Used on L.0. Board, replaces 476-008 


A 2/_N2 8950;9 2) 
CHM 7GO3 of N82S123) 
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AUXILIARY PRESELECTOR BOARD (8200 Series) 


ASTRO-103 Only - Other parts similar to Preselector Board on ASTRO-102BX 


Circurs Cubic Part Description 
Symbol] Number 

L820] 012-269 Coil, Ree/auiceeous 

L8202 012-269 Coil. RET heubie tom 

C8218 089-028 Capacitor, Trimmer 4-30 pf 
C8219 089-028 Capacitor, Trimmer, 4-30 pf 
T8201 014-066 Transformer,..REs 017 a. 
T8202 014-067 Transformer, RF, 141/3T 
T8203 014-066 Transformer, RF 8T/2T 
T8204 014-067 Transformer, RF 141/3T 
T8205 014-068 Transformer, RF 20T/3T 
T8206 014-068 - Transformer, RF 207T/3T 
T8208 014-069 Transformer, RF, 32T/9T 
T8209 014-068 Transformer, RF 20T/3T 
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General 


(nrormation 


The Swan ASTRO 102BX is a 160M through 10M SSB amateur transceiver that 
features dual PTO"s and frequency counter for split frequency operation with 
digital frequency readout. Frequency selection is the only tuning necessary 
when operating into a matched antenna with a VSWR of 1.7:1 or less. 


Standard features include: Full break-in or semi-break-in CW operation; 
narrow band crystal CW filter; two position CW transmit pulse shaping; VOX; 
noise blanker; SSB transmit speech processor; true RF and IF gain controls; 
peak reading wattmeter with FWD, REF, and ALC positions; variable AGC decay; 
passband tuning; and audio notch filter. The basic single conversion design 
has been proven in thousands of the popular Swan transceivers. Mechanical 
and electrical designs are exceptional, for years of trouble-free operation, 
even in a rugged mobile environment. 


The unit is designed for fixed and mobile use with minimum interconnec- 
tions. For fixed station operation an auxiliary speaker/power supply, model 
PSU-6, provides 13.6 V IC from 115/230 V AC, A matching antenna tuner, model 
Digk, is also available. 


The transmitter may be used for RTTY or Slow Scan TV, but operation in 
these modes requires additional forced air cooling. See the operator's an- 
ual for precautions to be observed when operating in these modes. The ASTRO 
102BX includes automatic gain control (AGC) in the receive mode, and auto- 
matic level control (ALC) in the transmit mode. CW sidetone is also provided. 
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SPecifications 


General 
Frequency Coverage* 

: ROOMs as vwene sieeve leo —e. 0: MHz 

COM Tey redtiar sara oer. Miz 

POU i aguitavaneseey (st 45 MHZ 
CONT crews ee reses ssl. 0-14, 5 MHz 
TO Sass wee cops ev cette 0rc.. >, Miz 
WOM yee ee tes tees 20.5 Miz 
| 28.5-29.0 MHz 


29.9-29.999 Miz 
*Approximately 50 to 100 kHz overrange provided on each band. 


Frequency Control: Dual PTO with 6-digit frequency counter and RIT control. 


PTO Modes of Operation: A only; Receive A-Transmit B; B only; Receive B- 
Transmit A; External LO. 


Modes of Operation: SSB with selectable sideband, CW with automatic 800 Hz 
offset on transmit and full or semi-breakin. 


Power Input Requirements: 12-14 V DC negative ground only. No damage up 
to 15 VDC. 20 amperes peak current. 


Electromagnetic Interference: 


Transmit: Five element low pass filter on each band. 


Five element lowpass filter plus three pole bandpass 
filter on each band. 
Dimensions: 6.375" H x 14.25" Wx 13.25" D 


16,2 on x 36.2 cm & 33.7 cM 
Weight: 23.5 pounds (10.6 kg) 


Receive: 


Rear Panel: 


Power connector: 


Pan a she y sha gad e 
fa Ground 
s Ground (used for accessories) 
4 1350. VoD 
> Ground 
6 13.6 V IC fused to 3 amps (used for accessories) 
Antenna connector: UHF (SO-239) 


External speaker/phones: Phone jack 


External relay: RCA jack 
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Key: 


EXT. Modulation: 
Fuse: 


Pry GeO 


Circuit Design: 


Receiver Sensi- 
tLVIty: 


Image Rejection: 


Receiver Selectivity: 


Passband Tuning: 


Dynamic Range: 
Audio Output Power: 


Meter: 


Circuit Design: 


Power Input: 


Power Output: 


RCA jack 
RCA jack 
3 amp fast blow 
RCA jack 


Receiver 


Single conversion to 9.00165 MHz IF using double bal- 
anced mixer. Exceptional immunity to overload and cross 
modulation, 


10 dB S+N/N typical at 0.35 wV 


Better than 60 dB 


SSB and CW--2.4 kHz bandwidth, two 8-pole crystal 
filters with shape factor 1.4; 6 dB to 100 dB 


CWN--300 Hz bandwidth. IF crystal filter in series 
with one 8 pole SSB filter 


SSB and CW eight pole cutoff continuously variable 
high pass or low pass. LED readout shows equivalent 


audio passband, 


CWN--IF crystal filter continuously tunable over 300 to 
3000 Hz with passband control 


AGC greater than 100 dB; third order intercept +15 dBm 
Greater than 3 watts into 4 ohms. 
S-units from 1 to 9; 20, 40 and 60 dB over S-9 


Transmitter 


Excellent harmonic and TVI suppression. ALC limits SSB 
peak power and CW power to 100 watts output. 


235 watts PEP input at 13.6 V DC input 


100 watts PEP into 50 ohm non-reactive load at 13.6 V DIC 


Unwanted Sideband >60 dB down at 1000 Hz audio note 


Rejection: 


Harmonic Output: >45 dB below peak power level 


Carrier Suppression: >50 dB below peak power level 
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Spurious Output: 


Transmit Control: 
(for SSB) 


CW Transmit: 


Microphone Input: 
Audio Response: 


Meter: 


Cooling: 


VSWR Shutdown: 


>55 dB below peak power level 


PTT and VOX standard 

Full or semi-breakin with sidetone standard, Automatic 
800 Hz offset on transmit frequency. 

47 kQ input impedance 

300 to 3000 Hz + 6 aB 

In receive mode, reads S units and dB over S-9; in 
transmit mode, reads peak power selected by meter 
switch: Forward power 100 watts full scale, reflected 
power 10 watts full scale, or reads ALC, 

Large capacity heat sink fins supplied. For SSTV, RTTY, 
and semi-continuous transmit, forced air cooling such as 
a small "muffin" fan on heat sink fins is required. 


Full power up to VSWR = 1.7:1 


Approximate limit ratio as follows: 


VSWR Percent Power 
ype aleal 100% 
2.0:1 80% 
B08 60% 
Open or short 25% (equivalent voltage) 
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Receiver Theory 
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NOTE: Component designations used in the "Theory" sections of this manual 
are the shortened numbers as they appear on the schematic diagrams. To de- 
termine complete component designation, the board/location number must be 
added after the letter or letters. See the "Note" in the first portion of 
the "Parts" section of this manual. 

Schematic diagrams contained in the "Theory" sections of this manual 
are Simplified to help in the understanding of the operation of the circuit; 
they may not always, therefore, be sufficient for troubleshooting purposes. 
When servicing the equipment, it is urged that the technician use only the 
schematic diagrams included in the "Servicing Data" portion of this manual. 


BANDSWITCH AND LOW PASS FILTER BOARD 7 ~~ 7-77-77 sano switey = — = = — x 


Lio! L102 
—— 


The received signal 
from the antenna connec- 
tor is passed through one 
of six low pass filters, 
which are also used in 
the transmit condition. 
Each is composed of two 
inductors and three cap- 
acitors, yielding a five 
pole filter for each band K101 @ 
(160 through 10 meters). Se 
Note that the same filter 
is used for all segments 
of the 10 meter band. 

The filters are sel- 
ected by S101 and S102, 
sections of the BAND sw- 
atch, Prom, 5101, the 
Signal is passed to relay 
K10l, through Ciz2.. and re 
through C101. From there TO RK ce an A”, 
it is routed to the input eur O- 
of the preselector board. 

Receiver antenna switch- 
ing is accomplished by KI10l1, 
which is activated by 4102. 
When the receive ("R") line 
is high, as it is in the re- 
ceive condition Q102 is bias- 
ed to saturation, energizing 
K101 and connecting C122 to LINE 
the output of the selected 
low pass filter, Since the 
collector of Q102 is low when 
it is thus saturated, Q101 is 
in a non-conducting condition RECEIVE ANTENNA 
and has no effect. However, SWITCHING 
when the "R" line is low, as PS) 


JIBO 
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as it is in the transmit condition, Q102 is cut off, and its collector vol- 
tage is high. This biases Q101 on, providing a path to ground for any tran- 
smit signal coupled across the open contacts of K101 due to stray capacity. 
In this manner, the input of the receiver is protected during transmission 
periods, 

S103, a part of the BAND switch, is used to provide a voltage to each 
of ten control lines, depending upon its position, There are separate con- 
trol’ lines for the’160, 80, 40, 20, 15, 10A, 10B, 10C and 10D positions, and 
an additional line, which, through CR102 through CR105, is high for any of 
the 10 meter positions of the BAND switch. These control lines are used in 
other sections of the transceiver, 


PRESELECTOR 


In the receive condition, the transmit ("T") line is low. Thus, CR109 
in the input circuitry of the preselector is reverse biased, and the TX IN 
jack is effectively open circuited. 

L102 is an RF choke to prevent sig- 
nal from being bypassed to ground 
through C109 on the "T" line. 

On the other hand, the "R" line of 
is high in the receive condition, 
and is connected through RF choke 
L101 to CR108, which it biases to 


TO ALC 


PRESELECTOR 
BOARD 


TO Q106 INPUT = SWITCHING 


R 
an "on" condition. R113 provides i132) O— cue 
a ground return and the voltage close cRIO9 Pocen 
drop across it reverse biases the 1 iIno-y RIS PREAMPS 


JI35 


"off" diode. C110 is a DC blocking 
Capacitor, and passes the signal on 

to the input of the preselector 

band filters, R114 actsas a Xt “7 
return for the switching currents Tees 

for the filter selection circuits, = 

and provides reverse bias to the 

Wort” diodes, 

There are six band filters in the preselector (only one is used for all 
four segments of the 10 meter band). These filters are selected by the BAND 
switch, utilizing the voltages on the control lines from S103, as mentioned 
earlier. For discussion purposes, only the 80 meter filter will be consid- 
ered, 


TO TX PREAMP 


The voltage from the 80 meter control line is coupled through isolating 
resistor R117, the primary of T104, and CR112 to the output of the input sw- 
itching circuit previously dis- 
cussed, where it is provided 
with a ground retuga path th- 
rough R114, C119 frovides a cus Joi. 
ground for the signal at one any 
end of the primary of T104. The 
signal is then passed through — rrom cre 
diode switch CR112 to T104, wh- ‘°'° A OH bie ete 
ile the voltage drop across R- se: 
114 reverse biases the corres- 
ponding diode switches in the 
other filters, 
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The secondary of T104 is resonated by the C120-C122 series combination, 
and they act as an impedance transformation voltage divider. T1T105 and (C121 
form a series resonant circuit, and its output is coupled to C124-C125, wh- 
ich again transforms the impedance of the signal path, and also resonates 
with output transformer T106, The combination of the two parallel résonant 
circuits and one series resonant circuit forms a bandpass filter of excel- 
lent characteristics. Output switching is provided by R118, in conjunction 
with CR113, in a manner identical to the input switching scheme. 

The output of the preselector filters is coupled to the preamplifier 
stage, Q101, via autotransformer T119 and coupling capacitor (C163. R127 
provides a DC path to ground for the switching diode, and provides reverse 
bias for the “off" diodes in the other filters, while C159 effectively gr- 
ounds the bottom of T119 for the signal. 

Bias for Q101 is pro- +10.8V 
vided both by the source cian. 
circuitry and the R128-R- RI3I 
129 ‘combination, «Soe. fax Lios 
as gate two is concerned, 
the bias is determined by 
the source network as well 
as whatever is applied to Dae 
it via the ALC line, CR122 cies ey) iY 
and CR123,. biased in the v4 eae: 
forward direction by the , Trice ap ioe 

RI28) Riz a at cri24 Ride ws 


RI33 


FROM RI5\ 
ALC 


voltage applied by R150, 
provide a fixed drop of 
approximately 1.4 volts, 7°? 
while additional bias is Re ee A ae 
supplied by the drop ac- § Maes ae 
ross source resistor R132. pity tT 
C160 and C161 are both by- oe ee Te age 

passes, a8 Ne 

Signal from the drain + 
of Q101 is taken via C165, 
after being developed ac- 
ross load L103. R131 and C164 form a decoupling network for the supply 
line, 

In the receive condition, the "R" line is high, causing Q106 to satur- 
ate, thus lowering the voltage on the base of Q105, causing it to cease con- 
duction. Diode switch CR124 is then reverse biased by the voltage drop ac- 
ross R145, allowing Q104 to operate in a normal manner. Bias for Q104 is 
derived by R134 and R136, while R149 serves to prevent instability. Output 
of the preselector is taken from the emitter of Q104 via R144 and C173 and 
coupled to the receiver input of the exciter board. 


ae CRI22 CRI23= 


RECEIVE PREAMPLIFIER 


EXCITER BOARD--FIRST MIXER 


After passing through the preselector and being amplified by the pre- 
amplifier, the received signal is connected to mixer Z101 via C102, a block- 
ing capacitor. Local oscillator signal, brought to the exciter board thr- 
ough J105, is coupled via blocking capacitor C164 to the base of amplifier 
Qll4, Bias for Q114 is developed in a conventional manner via the R167-R168 
voltage divider, The emitter resistor of Q114 is divided into two parts, 
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R164 and R165. While the former is "9" 
bypassed in the usual manner, the 
latter is not, anda_ signal suit- 
able for driving the display freq- 
uency counter is taken from across 
it, via R166 and C163. 

Amplified L.O. output is taken 
from the collector of Q114 and co- 
upled to the base of Q115. Again, 
bias is conventional, being devel- 
oped by R171 and R172. The ontput 
of Q115 is taken across its emitter 
resistor, R173, via C167 and R174, 
and coupled through R177 and C168 
to the base of mixer driver Q101. 
The P.A. Bias control line is high 
in the receive condition, thus re- Te OF L.O. AMPLIFIERS 
verse biasing CR104, preventing the 2  — & IST MIXER 
L.O. signal from being shunted to % 
ground by C169, as it would be in 
the transmit condition. 

Bias for Q101 is developed by ROM and R107, and C104-R106 form the us- 
val emitter circuit. C103 and R105 form a feedback network, which, in con- 
junction with R177 and R174 set the gain of Q101. For a more complete dis- 
cussion of feedback amplifiers and their operation, refer to the "Servicing 
Hints" section of this manual. 


NOISE BLANKER GATE ® 


The output of the first 
mixer, Z101, now at the I.F. ALY 
frequency, is coupled to the 
Tarstid .fo.amplifier , 9103, 
via blocking capacitor C106. 
R111 and R112 form the bias 
network, while emitter res- 
istor R110 is  unbypassed, 


TI02 
TO O105 


Tee 


providing some degenerative RiI2 = 
feedback. Output is devel- FROM, C106 

oped across a parallel-tuned Z 10! 

resonant circuit composed of RIN 


the primary of T101 and C109. N.8. PULSE 
R114 and C107 form a decoup- 
ling network, while the lat- 
ter also places the upper 
end of the primary of T1101 
at AC ground, so that C109 
is effectively in parallel 
with) T1102, 

The secondary of T101 presents a signal at low impedance, which is 
coupled through noise blanker gate Q104 to the primary of T102, where it vies 
stepped back up. C112 resonates the secondary of T102. When the noise bl- 
anker circuit detects a noise pulse of sufficient amplitude, the gate of Q- 
104 is fed a positive pulse through CR101, effectively cutting it off and 


3-4 


FIRST I.F. AMPLIFIER & 
NOISE BLANKING GATE 


 CuBic 


COMMUNICATIONS 
Swarm DIVISION 


opening its source-to-drain path, 


thus opening the signal path. Otherwise, 


a ground is applied to the gate via R113, keeping Q104 in an "on" condition. 


C111 and R113 serve to lengthen the pulse 


positive blanking, 


at the gate of Q104 to ensure 


FILTER BUFFER, FILTER, AND POST FILTER AMPLIFIER 


From L102, thersignal sas 
coupled to filter buffer amp- 
lifier Q105 via blocking cap- 
acitor’ Ul13) Blas *icredey— 
eloped by R115 and R117, wh- 
{le emitter resistor R116 is 
unbypassed, providing degen- 
eration. Output is taken ac- 
ross -collector™load “L10lrand 
coupled through blocking cap- 
acitor-Cll4 tothe firsien... 
filters Or LOM. eG gec loc, 
and C115 are a decoupling 
network, 

From) ‘filter® -FLIOLS"the 
Signal is coupled through C- 
116 to the ‘base’ of “post fil- 


TO 
Q108 


FILTER BUFFER, FILTER, AND 


POST FILTER AMPLIFIER 


ter amplifier Q106, which is biased by R120 and R121. In the transmit con- 
dition, Q106 acts as an emitter follower (discussed in detail in the Trans- 
mit section of this manual), while in the receive condition, the output is 
taken from the collector after being developed across load L102. C118 isa 
blocking capacitor. Note that the use of inductive loads and unbypassed em- 
itters in the stages preceeding the AGC attenuator ensure good strong signal 


handling capability. 
AGC ATTENUATOR 


From Q106, the received I.F. 
signal is coupled through (C118 
and R123 Stow AGC attenuator PIN 
diode CR102, and thence via C120 
to gate one of pass band tuning 
first mixer, Q108. AGC voltage, 
when required, is applied to the 
base of AGC driver Q107 via volt- 
age divider R129-R130. Current 
is then supplied to the PIN diode 
via R124, causing it to conduct 
to a degree determined by the AGC 
voltages’ itv acts; in conjunction 
with R123, as a variable voltage 
divider, similar in effect toa 
conventional volume control, and 
thus provides the AGC action re- 
quired. Up to about 50 dB of at- 
tenuation is available at this 
point. 


TO PBT 
FILTER 


IF. AGC ATTENUATOR AND 
PBT st MIXER 
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PASSBAND TUNING . 


Q108, a dual-gate MOSFET, acts as a subtractive mixer, with the first 
I.F. signal applied to gate one, and the passband tuning oscillator signal 
applied to gate two. Bias for gate one is developed across R127, while con- 
necting gate two to the source via R128 makes it operate without bias. Out- 
put of Q108, now at the pass band tuning I.F. of 13.8 MHz, is taken from its 
drain. L103 and C124 form a parallel resonant drain load. C125 is a coup- 
ling capacitor, routing the signal to the SSB filter via Q110 and to the CW 
narrow filter via Q109. 

Q110, conventionally biased, 
acts as an emitter follower to 
drive the SSB filter, FL102. Af- 
ter passing through the filter, 
the signal is coupled to Q112 
via C136. Q112 is also an emit- 
ter follower, with its output 
developed across R144 and bias 
developed by the R142-R143 com- 
bination,  C136rotsiae’ blocking 
capacitor. PBT FILTER AND 

When operating in the CW DRIVERS 
narrow mode, voltage is applied 
to the CWN line through R150 to 
diode switch CR103. This volt- 
age reverse biases the base-emitter junction of Q112, causing it to cease to 
conduct, and thus breaking the signal path. Also, C139 shorts the signal 
path through CR103. 

Signal from the CWN filter 
amplifier Q111 (covered later) 
and from the SSB filter are coup- 
led to gate one of the second PBT +10.5¥ 
mixer Q113. R148 and R151 are 
isolation resistors, and R152 is 
the gate return resistance for 
Q113, which is also a subtractive 
mixer. Oscillator energy is co- nae 
upled to gate two of Q113 in the Qn2 
same manner as it was to the first 


RI5I RIS2 


PBT mixer, and the bias arrange- FROM 

ment is also the same, Output is a 

taken via C146, now back at the Riss 
first I.F. frequency of 9 MHz. 

C147 serves the dual function of FROM 
resonating with T103 and serving 

as the first element in a low pass . 2nd PBT MIXER 


filter composed of C147, L104 and 
C148, which filters out unwanted 
mixer products. R157 terminates 
the filter in its required load, 

PBT oscillator Q123 is a conventional Colpitts crystal controlled osc- 
illator, with C203 and C204 providing the feedback capacitive divider. R214 
and R215 form the bias network, while R127 is the emitter resistance. T106 
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and C205 form a parallel resonant collector load. The frequency of the osc- 
illator is adjusted by the application of a voltage from the PASSBAND tuning 
control on the front panel 
through isolation resistor 
R213, “tor variicap, Ghi10 ...he 
range of adjustment is set 
by trimmer C206, while C207 
is a bypass. 

Because the same freq- 
uency’ oscillator: signal” is 
applied toObothe PED emixerss 
any signal “going ) sintor the 
first PBT mixer will leave 
the second on precisely the 
same frequency. This is why 
the PASSBAND tuning control 
only affects the relative 
position of the passband and 
has no effect on the freq- 
uency of the signal tuned in. 

The direction of tuning 
of the passband oscillator EB TANNG 
must be one way for USB/CW 
operation, and the opposite direction for LSB operation for the effect at 
audio to remain the same. When in the LSB mode, a positive voltage is ap- 
plied through CR121 on the audio board to the base of Q108, through limiting 
resistor R164. Simultaneously, 
it is also used to. turn sect- 
ions By andxC “of switch? U110 on, 
section B of Ul10-applies-+10.5 
volts to the upper end of the 
PASSBAND tuning control R103A, 
while section C grounds the 
other end. Since Q108 is sat- 
urated, its collectery-is iow, 
and this voltage, applied to 
sections A and D of U110, turns 
them off. When in the USB or = PBT SWITCHING 
CW modes, however, the LSB line 
is low, and thus sections A and D of U110 are on, while sections B and C 
are off. This action reverses the voltage applied to the tuning control. 

Operation of the PASSBAND tuning indicator will be covered in the "Anc- 
ilLary: Circuits”) section mf this manual... 


CWN FILTER 


Signal at the second I.F. of 13.8 MHz, from the first passband tuning 
mixer (Q108), is also coupled to the base of Q109. Bias is received from 
the same network that supplies Q110, the filter driver, Q109 acts as an en- 
itter follower driver for the CW narrow filter, and the required filter ter- 
mination impedance is provided by R138 and R139, while C129 is a blocking 
capacitor, The CW narrow filter is composed of Y101 and Y102, with C131 and 
C133 acting as coupling capacitors and C130 and C134 providing adjustments 


@ cusic 


COMMUNICATIONS 
Swear DIVISION 


to properly align the filter re- 
sponse. C135 acts as an output 
coupling capacitor, and carries 

the signal to the base of Q111. 
Power for Q111 is taken from the § ,,p, 
CWN Line, and bias is provided '.°' 
by RI45 and R146. Output is 
taken across emitter resistor 

R147 and coupled to the second 
passband tuning mixer Q113 th- 
rough C141 and R148, 


Ri38 


MAIN I.F. AMPLIFIER 


The signal from Q113, now 
again at the 9 MHz 1.F., is co- 


upled through C151 to the main I.F. amplifier, U10l. 
cuit is composed of two amplifier sections, 


section developed across the R160-L105 
load combination. C154 resonates with 
L105, while R160 broadens the response 
by "swamping" the tuned circuit. (C152 
couples the output thus developed from 
the first amplifier section of U101 to 
the second section of the same IC. Out- 
put of the second section is coupled to 
push-pull T104, which is resonated by 
C156. C157 is a bypass. The output of 
T104 is coupled to the product detector, 
Q120. AGC control is applied through 
voltage divider R158—R159. Overall 
gain of U101 is up to 70 dB. 


PRODUCT DETECTOR/AUDIO MUTE 
Carrier oscillator en- 


ergy is coupled via C186 to 
the base of Q121, which for- ties 


ms an emitter-coupled pair 

with Q120. Bias is develop- aS 
ed by R200 and R198, acting 

as a voltage divider, and RI98 
R201 and R203 serve as isol- 

ating resistors, while C184 

is a bypass. Q120 and Q121 

act as a mixer, combining ary ier 


the I.F. input from T104 and 
the carrier oscillator sig- 
nals to recover the audio 
frequency of the incoming 
signal. Output is coupled 
_via ©0182 to an RC network 
composed of R218 and C208, 


-8 


+10.5V 


st 
Ql09 


clz9 ci31 C133 C135 


R1i4 
i, Ie | VlO2t Ss Ae} 
ci3s0= = ae C134 
~ cise 


NARROW CW 
FILTER 


This integrated cir- 
with the output of the first 


+10.5V 
O 


R158 


MAIN I.F. AMPLIFIER 


PRODUCT DETECTOR 
AND MUTE 
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which filters out any undesired mixer products. Q124, 
in series with the signal path, acts as a switch to 
cut off the receiver output AF when in the transmit 
condition. In that instance, the "R" line would be 
low, grounding the gate of Q124 and causing it to act 
as an open circuit. R219 and R220 provide bias volt- 
age for the source and gate. Output of the AF mute 
gate is then coupled via C210 to the base of AF ampli- 
fier Q125, which provides additional gain. Bias is 
conventional, while the emitter resistance is only 
partially bypassed to set the gain (see the "Servicing 
Hints" section of this manual for a discussion of fe- 
edback amplifiers such as this). Output is taken via 
C213, while C214 provides a degree of high frequency 
rolloff for more pleasing audio response. 


NOTCH FILTER 


Audio from Q125 is 
applied to CRiz3 and CR= 
124, which act as a lim- 
iter, effectively clip- 
ping off any peaks exce- 
eding approximately + 0.7 
volt. The R172-C143 com- 
bination filters the out- 
put of the clipper and 
shapes the audio response. U101C is connected as a voltage follower, pro- 
viding drive for active filter U101D that is the same amplitude and phase as 
its input, but of a lower driving impedance. 

C144 and R178, with R1L20A on the front panel, form the series leg of a 
Wein bridge, while C145, R177 and R102B (also on the front panel) form the 
shunt leg of the same Wein bridge. This bridge is inserted in the inverting 
feedback loop to form a notch when combined with the normal audio frequency 
applied to the non-inverting input of amplifier U101D. R176 and R174 form a 
positive feedback path to raise the"Q" of the circuit. 


AUDIO POWER AMPLIFIER/RECEIVER MUTE 


FROM 
VOL. WIPER 
@ 


Audio from the output of the notch 
filter is applied to the high side of the 
front panel volume control, and its wiper 
is returned, through R127, to the input 
of audio power amplifier U103. R129 acts 
in conjunction with R127 as a voltage di- 
vider. Receiver mute switch Q104 is con- 
nected between this input and ground, th- cul 
rough isolating capacitor C117. When in > 
the receive condition, a voltage on the 
"R" line holds Q104 in the "open" con- 
dition, allowing the signal to be ampli- 
fied by U103; when in the transmit con- 1 °* ale. POWER AMP 
dition, the "R" line is grounded, turning ~~ AND RECEIVER MUTE 
Q104 "on" and shunting the signal to gr- ; 


SPKR 


To 


Q10 Vox 
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ound. C118 and R127 shape the audio response. 


When in the transmit condition, and when sending CW, the sidetone audio 
Signal is applied to the other input of U103; thus, the operator is able to 
monitor his own sending, 

C113 and C114 form an audio shaping network for more pleasing response, 
and C112 couples the output to the speaker. C110 and Cll] are RF bypasses. 
C109 bypasses certain internal circuitry of U103, while R130 and C115 pro- 
vide a type of feedback path known as "bootstrap". 


ike did 
LINE 


AUTOMATIC GAIN CONTROL 


The audio frequency sig- 
nal is coupled to the base of 
Q101 via C101. Bias is set 
PvernitOl, R102 and R103, with 
R101 serving as the AGC th- 
reshold adjustment. When the 
audio peaks are of sufficient 
amplitude, Q101 conducts, wh- 
ich causes a current to flow 
through R105 and the DECAY 
control, a variable resist- 
ance to ground. The voltage 
drop across this combination 
charges capacitor C102, with 
series resistor R106 control- 
ling the charging time, and 
thereby the attack time. When atu 
the AF signal disappears, C- 

102 discharges through R106 and the R105-DECAY control combination, thus the 
setting of the control varies the decay time of the AGC, 

The voltage across C102 is applied to the non-inverting input of ampli- 
fier U101A. Provided the output of U1OIA is greater than any reverse bias 
to CR1O1 supplied through CR103 by the I.F. GAIN control, the output of U- 
101A is applied to the AGC line through CR106, and to the S meter through 
calibration control R110 and voltage dropping diodes CR104 and CR1O5. R107, 
R108 and R109 establish a reference level and the gain of U1O1A, 

When in the transmit condition, the "T" line goes high, and applies a 
voltage through CR108 to the inverting input of U101A, causing its output to 
go low and remain there so long as the "T" line remains high, thus disabling 
the amplifier. This ensures that the S meter is disabled in transmit. This 
same voltage is applied, through CR107, to the AGC line to force maximum at- 
tenuation of the AGC PIN diode in the IF amplifier chain, and to cut off the 
I.F. integrated circuit amplifier, U101, on the exciter board. This ensures 
that no signal is present in the AGC loop during transmit and full gain is 
available when switched back to receive, 
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Transmitter Theory 
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MICROPHONE PREAMPLIFIER 


The audio signal from the microphone or external input jack is coupled 
through R133 or R135, respectively, to blocking capacitor C122 and thence to 
the base of microphone preamplifier Q10§. C119 and C120 are RF bypasses, 
while bias is developed from the collec- 
tor by voltage divider R134-R136. This 
provides feedback to keep the gain of 
the stage fixed. The emitter circuit is ci24 3% 
standard, composed of resistor R137 and ii vox 


bypass capacitor C123. Output is coup- MIC aios | MIC 
led via C124 to the VOX circuit and to ahaa Sat Fe 
= R35 Ny Slone 


the internal microphone level control. AUX 


cis RI36 


HW 


SPEECH PROCESSOR 
TX AUDIO 

When the operator desires to use the 

built-in speech processor, a voltage is 
applied, through voltage divider R150-R151, that biases Q107 into conduction 
thus lowering its collector voltage and turning section A of switch U109 off. 
This in turn activates sections B and C of that switching IC. The former 
turns section D off, opening 
the feedback path for U1LOMC 
composed of R157, and the lat- 
ter completes the alternative 
feedback path composed of R158, 

CR117 and CR118, 

U104C, in this case, op- 
erates as a compressor. When 
Signal peaks at the output of 
the amplifier exceed the bar- 
rier potential of CRI117 and 
CR118 (+ 0.7 volt) these peaks 
are fed back to the inverting 
input of that amplifier, thus 
reducing its gain. When spe- 
ech processor operation is not 
desired, R157 is utilized as 
the feedback path, converting 
U1LOMC into an ordinary fixed- 
gain amplifier stage. 


MODULATION AMPLIFIER 


U1O4D is a fixed-gain amplifier, immediately following the front panel 
MIC GAIN control. Feedback is provided by the R162-C135 parallel combinat- 
ion, with C135 providing additional feedback at the higher audio frequencies 
thus reducing gain of the stage in that range, and providing a more pleasant 
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normal sound to the transmitted voice sig- 
nal, The output is taken via C136, swith 
C147 providing bypassing for RF energy. 
When operating in the CW mode, or in the 
receive condition, the amplifier is dis- 
abled by voltages applied through CR120 
or CR119, respectively, and through R161, 
to the inverting input of the amplifier, 
causing its output to go to its Lowest 
limit and remain there so long as_ these 
voltages are present, preventing it from MODULATION AMPLIFIER 
amplifying the transmit audio signal. 


BALANCED MODULATOR 


Z101, on the exciter board, used as the first mixer in the receive con- 
dition, is used as the balanced modulator in the transmit condition. Audio 
from the modulation amplifier is applied to Z101 through R101 and R102. 
Meanwhile, the P.A. bias line, which goes low for transmit, cuts off Q116, 
removing the voltage applied through R180 and CR105 from the emitter of Q117 
which allows it to operate as a normal amplifier. This voltage, present in 
the receive condition, reverse biases 
the base-emitter junction of Q117, dis- 
abling it when it is not needed. 

Carrier oscillator energy is coup- 
led through C173 and R184 to the base 
of Q117, where it is amplified. Out- 
put is taken from the emitter, through 
R181 and C171, and applied to the base 
of Q101. (In the receive condition, 
local oscillator energy is coupled th- 
rough Q115 to the tase of Q101, but 
this path is interrupted in the trans- 
mit condition). Q101 is a feedback am- 
plifier, with its gain determined by 
the ratio of feedback resistor R105 to 
the input series resistor, R181. Bias 
and emitter circuits are conventional, 
and output is taken from the collector aR BALsuce tv unanen 
of Q101 through a winding internal to iF 
Z101. The DSB suppressed-carrier out- 


put is taken through C106, (For | 
internal circuitry of Z101, see the Servicing Hints section of this manual.) 


FIRST I.F./NOISE BLANKER GATE 


The DSBSC output of Z101 is coupled to the first I.F. amplifier, Q103, 
via C106. R111 and R112 form the bias network, while emitter resistor R110 
is unbypassed, providing some degenerative feedback, Output is developed 
across a parallel-tuned resonant circuit composed of the primary of T101 and 
C109. R114 and C107 form a decoupling network, while the latter also places 
the upper end of the primary of T101 at AC ground. 
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The secondary of T101 pre- 
sents a signal at low impedance 
which is coupled through noise 
blanker gate Q104 to the pri- 
mary of T102, where it is step- 
ped back up. (C112 resonates 
the secondary of T1002. In the 
transmit condition, the noise 
blanker gate is held in the on 
condition at all times. 


TI02 


TO Q105 
= Giite 


FILTER BUFFER AND FILTER 


From T102, the signal is coup- e3 
led to the filter buffer amp- 

lifier, Q105, via blocking 

capacitor C113. Bias is de- 

veloped by R115 and R117, wh- 

ile emitter resistor R116 is 

unbypassed. Output is taken across collector load L101 and coupled through 
blocking capacitor C114 to the first IF filter, FL101. R118, C108 and C115 
are a decoupling network, 

From filter FL101, the 
signal is coupled through C116 
to the base of post filter amp- 
lifier Q106, which is biased 
by voltage divider R120 and R- 
121. In the transmit condition 
Q106 acts as an emitter follow- 
er, with its output coupled via 
C180 and R197 to the transmit 
mixer driver, Q119. 


FIRST 1.F. AMPLIFIER & 
NOISE BLANKING GATE 


TRANSMIT MIXER 


As mentioned above, the 
signal from the post filter 
amplifier, Q106, which is now 
a single sideband, suppressed 
carrier signal at the IF freq- 
uency of 9 MHz, is coupled to 
transmit mixer driver Q119. 
This stage has conventional 
bias, an unbypassed emitter, FROM 
and its output taken from the ace 
collector through a winding of 
Z102. This winding is de- 
coupled by R196 and C179. Bias 
supply comes from the T/S line 
from the control circuitry, 


TX MIXER, DRIVERS 3 
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which will be covered later, 

Local oscillator energy is coupled to the base of the other driver, Q- 
118. The gain of this stage is determined by the ratio of feedback resistor 
R190 to input resistor R187; C174 and C176 are merely DC blocking capacitors. 
The emitter of the stage is bypassed conventionally. Output is taken from 
the collector through a winding of the transmit mixer, Z102, a doubly balan- 


ced mixer assembly identical to that used for A101. 


L.O. drive is connected to Z102 
through an amplifier/buffer network 
contained on the exciter board also. 
Signal from the local oscillator 
board is applied to buffer Q114 via 
C164. Output is taken from the R165 
portion of the emitter resistance, 
and coupled through R166 and C163 to 
the counter board, to provide the 
signal for the front panel digital 
dial, while the remainder of the em- 
itter resistance, R164, is bypassed 
by C162. 

Signal is also 
collector of Q114, coupled through 
C165, and. .iapplied. to the ‘base of 
Q115. The emitter resistor of this 
stage is unbypassed, creating some 
degree of degenerative feedback, and 


taken from the 


Ci66 


‘| 
2 
3 


R173 


E.On BUEFERS 


C\6s & SWITCHING 


the output is taken via C174 and R187 to the mixer driver, Q118. 


PRESELECTOR--INPUT SWITCHING 


Output from transmit mixer Z102 
which is now at the desired operat- 
ing frequency, 1s..coupledr cto «the 
same preselector board used in the 
receive portion of the transceiver. 
It is coupled*.viasCl0s and C10 sto 


TO ALC 


PRESELECTOR 
BOARD 


TO 
Q106 INPUT SWITCHING 


the input of the band preamplifier  ‘“‘isz - 
filters when the "T" line is high, PP eae = hai 
biasing switch CR10O9 on through L102 TX INO RII3 PREAMPS 
and R113. Since the "R" line is low RI14 
under transmit conditions, the volt- = 
age dropped across R113 reverse 
biases receive switch CR108, discon- “7 TO TX PREAMP 
necting the receiver input from the J cios 
preselector. = 
PRESELECTOR--BANDPASS FILTERS 
Since operation of all of the individual band filters is identi- 


cal, only one, 


the 80 meter version, 


is discussed here. These filters are 


selected by the BAND switch on the front panel of the transceiver, utilizing 
the control lines from $103 on the Bandswitch/Low Pass Filter board. 
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The voltage from the 80 
meter control line is coupled 
through isolating resistor R- V 
117, the primary of T104, and 


CR112 to the output of the cua a TeIi26 
switching circuitry discussed oF C120 ci24 = 
in the previous section, wh- C101 
ere it is provided with a may pe od 

ound return path through R- ClO >—hege pants ci25 13 
a TI04 a ih = T1106 


114, C119 provides a ground ey 

for the signal at one end of 

the primary of T104. . The 80 M BAND FILTER 
Signal is then passed through 

diode switch CRI112 to T104, 

while the voltage drop across 

R114 reverse biases the cor- 

responding diode switches in 

the other filters. 

The secondary of T104 is resonated by the C120-C122 series combination, 
and they also act as an impedance transformation voltage divider. T1105 and 
C121 form a series resonant circuit, and its output is coupled to C124-C125, 
which again transforms the impedance of the signal line, and also resonates 
with output transformer T106. The combination of the two parallel resonant 
circuits and one series resonant circuit forms a bandpass filter of excel- 
lent characteristics. Output switching is provided by R118, in conjunction 
with CR113, in a manner identical to the input switching scheme. 

The output of the preselector 
filters is coupled to the preampli- 
fier stage, Q101, via autotransfor- 
mer T119 and coupling capacitor C163. +10.5V 
R127 provides a I path to ground t 
for the switching diode, while C159 
effectively grounds the bottom of 
119 for the signal, 

Bias for Ql101l is provided by exon as, 
both the source circuitry and the ALC 
R128-R129 combination. So far as 
gate two is concerned, the bias is 
determined by the source network and 


what ALC is applied to it from the FROM 
ALC circuitry, to be discussed later. FILTERS 
CR122 and CR123, biased in the for- 

ward direction by the voltage appl- RI27 


ied to R150, provide a fixed drop of 
approximately 1.4 volts, while ad- 
ditional bias is supplied by the 
drop across source resistor R132. 
C160 and C161 are both bypasses. 
Output, via C165, is taken from Q101 and applied to transmit preampli- 
fier Q102, which is a conventionally biased emitter follower stage. This in 
turn is coupled via C170 to frequency-equalizing network R138-C171, and then 
to the base of feedback amplifier Q103. Gain of this stage is determined by 
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the ratio of R140 to the inm- 
pedance of the R138-C171 com- 
bination, Bias is applied 
only in the transmit condition, 
from the "T" line, via voltage 
divider R141-R142, The emit- 
ter, circuit. is .compesed..-of 
R143 bypassed by C172, 

Output is taken ..from-a ave 
tap on autotransformer L104 
and coupled through C168, pro- 
viding a low impedance signal 
that can be coupled through a 
coaxial cable to the power 
amplifier board with minimum 
loss. C167 and R139 form a 
supply line decoupling net- 
work, 


POWER AMPLIFIER 


HO..55V 


+10.5V 
O) 


clés Q103 


CI7TO RI38B 


TRANSMIT PREAMP 


From the preselector, the transmit signal is applied to PA predriver 


Q101 on the power amplifier board via coupling capacitor C104, 
its gain is set by the ratio of feedback resistor R103 


is a feedback stage, 
to input. resistor “RLOZ, white tbias. is 
taken from the PA bias line via voltage 
divider R1O1-R104. The emitter circuit 
is conventional, and the output is taken 
via T101, which provides a push-pull 
signal for the following driver stages. 
C105 and ferrite bead FB1O1 provide de- 
coupling for the collector supply line. 


FROM 
BIAS LINE 


RIOT 
DRIVER 3 FBIO2 
AMPLIFIER 


Cclo6 CRIOI 


clos 


Since Q101 


+14V 


RIO! 


TI01 


TO 
DRIVERS 


| we) 


PA 
PREDRIVER 


The driver amplifiers, fed 
by transformer T1101, are sup- 
plied bias via the center tap 
of that transformer and RF ch- 
Oke LIOl. RLO? and, CRIOL farm 
a forward-biased diode regulat- 
or circuit “to control, thesam 
ount of ‘bias supplied. C106, 
C107 and C108 are bypasses, 

The <C123, -Ri09, RilO and 
R111 network assures the cor- 
rect load impedance on the sec- 
ondary of T101. The R113-C109 
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and R112-C110 networks provide feedback for the stages. C111 helps to pro- 
vide proper frequency response at the primary of the interstage transformer, 
T102, while C112 and FB102 provide required decoupling of the supply line. 


Power amplifier stages Q104 and 
Q105 both are also driven in push- 
pull, from the secondary of trans- 
tormer T102. Bias is supplied in a 
manner similar to that of the driver 
stages, and again, a network com- 
Posed Of 0115, H115,°-R1I6; R117 and 
R118 assure proper termination im- 
pedance for the secondary of T1102, 
Feedback networks are provided for 
these stages also, and output ap- 
pears across the secondary of T1103. 
C118 and RFC L103 provide supply de- 
coupling. 

The bias line for the PA board 
is controlled by Q106. Normally, the 
base of this device is held at the 
+14 volt supply potential through 
Pricey, thus “cutting it off. When, 
however, the transmit mode is acti- 
vated, the T/R switching circuits 
ground the lower end of R121, thus 
lowering the voltage on the base of 


A 
PB Aer +lay 


TI02 
FROM 


ORIVER 


POWER 
AMPLIFIERS 


Q106 and allowing it to saturate. This 


energizes the bias line and all circuits supplied from it. 

Capacitors C102, C122 and C119 on 
the bias line, and C101, C114 and C121 
on the +14 volt supply line assure good 
bypassing at all frequencies from audio 
to radio. 


+14V LINE 
4 


TO PA 
BOARD 
STAGES 


cio! Cla Cl2l 
BIAS LINE 


FROM T/R SWITCHING 
PA BOARD BIAS 


The output from the power 
amplifier is coupled to switch 
S101 on the bandswitch/low pass — 
filter board, and thence thr- 
ough the appropriate low pass «we 
filter for the band selected, 
and out through 5102 to the 
wattmeter/SWR board (covered 
later). Each of the low pass 
filters on this board is a five 
pole type, designed to greatly 
attenuate out-of-band harmonics 
and spurious outputs, 


TO 
WATTMETER 
BOARD 
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Oscillator Theory 


Band Voltage Controlled Oscillators.......5-1 
Permeability Tuned Oscillators (PTOs)....0.5-3 
DURE MAE OTUs acini e's ccc ChE hehe Fiennes veka 4 «Bulb 
MOCalVOse il tatori Mixers. ces see es su ase ade Je 
Carrier Oscillator... seccccccesevescccsssee 5-7 
GNEOLUBLONGELUSCLLIGCOY scape sks 6s eetetvec ee S27 
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BAND VOLTAGE CONTROLLED OSCILLATORS 


Each of the six bands has its own voltage controlled oscillator (VCO) 
that operates at a frequency 14.5 MHz higher than the low edge of the band 
itself, Hach of these VCOs is the same as the other, with the exception of 
the values of the frequency sensitive components, so only one will be discus- 
sed here, that for the 160 
meter band. 

ie osciblator.circuit is 
derived from the basic Colpit- 
ts oscillator,. with.C103 and 
C104 providing the tapped cap- 
acitance for feedback, 2104 
and the parallel combination 
of varicap CR101 and C102 pro- 
vide the tuned circuit. Volt- 
age applied by the error line erro 
through isolation resistor 
R101 tunes the varicap. (C101 
ts 4a blocking--capacitor,- and 
bias is developed by voltage BAND vCcO 
divider R102-R103. Output is 
taken through blocking capac- 
itor C105 and series resistor 
R105, and is filtered by a low ; 
pass filter composed of inductors L101 and L102, with €107, C108, and C110. 

The output of the filter is coupled through series resistor R107 to a 
line common with the other five oscillators, and to the base of summing amp- 
lifier Q107. R144 and C160 pro- 
vide a feedback path from col- 
lector to base of this stage, so 
the gain of Q107 is determined 
by the ratio of R144 to R107. 
(See the "Servicing Hints" sec- 
tion of this manual for a dis- 
cussion of feedback amplifiers). 
Biasttorel0/ ,1s conventional, 
as is the emitter circuitry. The 
collector of Q107 is directly 
coupled to the base of Q108, ‘°° 
making them into a high-gain 
compound pair, Output to the 
L.O. mixer is taken from the 
emitter of Q108 through C169 and 
R159, while an additional out- 
put is taken from the collector 
through R150 and C162, and applied to the base of amplifier 109. This stage 
then drives level translator Q110 through C164, and bias is applied through 
dropping resistor R156. The output of Q110, now a square wave at a TTL-com- 
patable level, is directly coupled to the prescaler of the band phase locked 
loop. (See the "Servicing Hints" section for a discussion of the PLL. ) 


BAND VCO 
BUFFER AMPLIFIERS 


5-1 
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U101, a dual J-K flip flop, is used as a divide-by-four prescaler for 
the divider chain. Its output is coupled to the clock inputs of U102 and 
U103 in parallel. The outputs of U102 and U103 are gated through U1LOMA to 
produce an output pulse when the counter has completed its counting cycle; 


this pulse is then inverted through U1OMB, 


tector driver, 012%5., 

Programming of counters U102 and 
U103 is accomplished by the diode ma- 
trix composed of CR121 through CR129, 
and memory U105. For 160 meter oper- 
ation, all five ‘input dines) to 0105 
are low, or binary 00000; for 80 me- 
ters, the codingi*as10000)+2 for 40; 
OOONUs,. for 20 j200G11 3 fore! >. OOld0s 
for LOA, 00101; TorzIOby 00NLC:| for 
10C 701000: and for 108,” 20000. , Band 
program memory U105 decodes these ad- 
dresses into the bit combinations nec- 
essary to set the required division 
ratios into counters UN0Z2 and _U103% as 
shown in the accompanying memory map 
of UlLGS. 


CR133) are connected to the 10 meter 
control lines which provide a common 
10 meter bus, regardless of which seg- 
ment of the band is selected by the 
BAND switch, and is used to energize 
the 10 meter VCO and 10 meter L.O. 
filter. 

The output of the programmable 
divider is coupled through R232 to the 
base of driver Q123. Its output is 
coupled to the phase comparator, U109. 
The other input to the phase compara- 
tor is the 125 kHz signal from U101B, 
the loop reference oscillator and di- 
vider. Y101 controls the frequency of 
the oscillator sat 2 MHz, with C26 
providing a means of adjusting the 
calibration. 

Output of the phase comparator, 
U109, is coupled through R233 to the 
inputs of two amplifier stages, U110A 
and U110B. Capacitor and resistor 
combinations C248-R233 and R239-C249 
form the loop filter. For 160 through 
15 meter operation, U110A is used as 
the error amplifier, with its output 
driving the varicaps in those band 
oscillators; for the 10 meter band, 
U101B, with higher gain, is used to 
drive the varicap of that band's osc- 
illator. More gain is required be- 

ww 
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Additional diodes (CR130 through 


and used to drive the phase de- 
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Cause the higher divider numbers also 
reduce the loop gain. 

In this manner, the band VCOs are 
constrained to oscillate on precise 
multiples of the crystal controlled 
reference frequency of 125 kHz. The 
exact multiple is the total division 
performed on the VCO frequency, in- 
cluding that of the prescaler. 


PERMEABILITY TUNED OSCILLATORS 


There are two identical permeab- 
ility tuned oscillators in the ASTRO 
102BX, Only one is described here, 

The permeability tuned oscillator 
is the primary means of varying the 
frequency of the transceiver. It is 
a Colpitts circuit, and the tuned fre- 
quency is determined by L601 in par- 
allel with the appropriate capacitors, 
CR601, C603, C604, C605 and C606. The 
frequency tuned is 5.0 to 5.5 MHz, and 
this combination of capacitors is ch- 
osen to provide temperature compen- 
sation for low drift, and must be re- 
placed with exactly the same types to 
maintain this stability, if replace- 
ment becomes neces- 
sary. 

R606 provides a 
DC return for the 
gate bias of Q601, 
is developed 
by R609. Feedback 
to sustain oscillat- 
ion is achieved by 
the C609-C610 divid- 
er combination. The 
drain is decoupled 
to ground by R610 
and C611, while the 
output is taken from 
the source to drive 
FET buffer Q602. 

The bias gen- 
erated by source re- 
sistor R613 of Q602, 
whose value is. set 
by the desired out- 
put impedance, is 
greater than is de- 
sirable for this FET; 


RIT 


hence, 


BAND REF OSC 
& DIVIDER 


R233 


LOOP FILTER & 
D.C.ERROR AMPS 


+6V 


R6I3 


PERMIABILITY TUNED OSCILLATOR 


a positive voltage to offset this is developed 


Pot, 
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by the R611-R614 combination. Output is taken via low pass filter C614-L604 
-C615 to assure good spectral purity. 

When operating in the USB mode, the required frequency shift is set by 
C608, which is switched in parallel with the tuned circuit by CR602. 

When RIT is used, the required shift is obtained by varactor diode CR- 
601, connected in parallel with the tuned circuit by blocking capacitor iereee 
The DC tuning voltage for this varactor is applied through the R601-R602 
combination, and is decoupled by C601. C606 is a calibration control. 


PTO SWITCHING tev 


The switches are used 
for the PTO outputs; only G86 
one will be described here, 
as both are identical and 
the description of one will fay. 
apply equally to both. 

A control voltage, the = = 
generation of which will be 
discussed later, is applied 


CSI5-SI6 


Tess R520 


c5is 


switch = 


GO decoupling RF choke L502 PTO A SWITCH AND 
from Q504. C519, G515 and PTO BUFFER ero Meta 
C516 are bypass capacitors. a) ouT 


This voltage is applied to 

PIN diode attenuators CR503 

and CR504 through isolating 

resistors 5202 "and eh5ik7; 

causing the diodes to pre- av 

sent a low resistance to 

ground. Since the signal ron R50Z cane 

from the PTO passes through ae 

R521 and R519 (as well as Ae Te Q 

blocking capacitors C518 aH uh 

and C5L7> Tt 1s "droppedaby R-A = |oey PTO SWITCHING PIN 
these two resistors, with es . DIODE CORIVERST REO 
essentially none passing eran RIT SwiTcH 
through to the base of the ed pe 

buffer, Q505. Thus, when 

this control voltage is re- 

moved, the PTO output is ae 
allowed to pass to the buf- | 

fer. Q505 is a summing am- 

plifier, with its gain de- O"R" LINE 
termined by the ratio of 
R512 to R518 (and others, 
when the other section is 
in use) . jBias and emitter R527 R53! ° To RIT 
circuitry are conventional, 2. WIPE . 
and output is taken from 

the collector through low 

pass filter (€512-L503-C513 

to assure that no harmonics 

or spurs are passed on to 


SWITCH +8V 


RIT 
SWITCHY 


ce: 
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the mixer. In the off condition, the switch provides greater than 100 dB of 
attenuation to the unwanted PTO output. 

The control signal for the PTO switching circuitry is derived from the 
pront panel PTO switeh. In the-PTO A position, +8.volts_is applied to the 
PTO B switching circuitry directly through the switch contacts, thus disab- 
ling PTO B. It is also applied to the base of Q503, causing it to saturate; 
since Q504 is direct coupled to its collector, the latter is then turned off 
and no voltage appears on the PTO A control line, allowing its’ signal to 
pass and appear at the output. 

In the PTO B position, no voltage is applied to the PTO B line, allow- 
ing it to function, and Q504 is turned on, allowing voltage to appear on the 
FTO A.control. line, «disabling PTO A, 

For split operation, "R" line voltage is used (through the PTO switch 
on the front panel) to drive the PTO B control line and the Q503-Q504 com- 
bination. Thus, which PTO is turned on depends upon whether the "R" line is 
high or low (receiver on or ofr is For reverse split operation Q501 and 
Q502 provide an inverted "R" line voltage (+ for transmit, 0 for receive 
which is used instead. 

When the RIT switch on the front panel is on, and the transceiver is in 
the receive condition ("R" line high), AND gate U502A is on, and its output 
is high. This high is coupled to one input of U502B and U502C. The other 
inputs of each of these AND gates is connected to the PTO A and PTO B con- 
trol lines, respectively. Thus, when the PTO B control line is high (and 
the PTO A line is low), analog switch U503A is turned on and the voltage 
from the RIT control wiper is applied to the RIT input of PTO A. R536 and 
R537 provide center adjustment for the RIT circuitry in the PTO, 

When the PTO A control line is high, the remaining section of the AND 
gate is on, turning on U503B, and supplying the RIT control voltage to PTO B. 
A center adjustment similar to that for the A PTO is included in the circuit 
although not shown in the diagram, for simplicity. 


LOCAL OSCILLATOR MIXER 


+8V 


Output from the band synthe- 
sizer (VCO buffer) is applied to 
mixer driver Q111 through block- 
ime ncapacitor C1695 .Q111» ts a 
feedback amplifier whose gain de- 
pends on the ratio of R160 to 
R159, and its output is applied 
to one input of the L.O. mixer 
Z101, which is a doubly-balanced 
mixer identical to others used in pet. as 
this transceiver. Also, the out-  gurrers 
put of the selected PTO is ap- 
plied to Q112 through blocking 
capacitor .C175.«..This stage too, 


FROM 


PTO 
- RI67 BUFFER 
ROM Ko 


is a feedback amplifier, with its is ci77 = ee aie 
gain determined by R167 and R168. | yin 
Its.output...is.similarly ...coupled EAS Creat sheet 
t0~4101.6 AMPLIFIERS 


Output of Z101 is at the op- 
erating frequency plus 9 MHz, and 
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“a 


is processed through one of six 


filter-amplifier com- 
binations..  inceweall Seare 
identical. in> operation,. only 
the 160 meter version will be 
discussed here. 

Collector and switching 
power comes from the 160 meter 
CONtTLOL. Line, R171 supplies 


bandpass 


biasmronyl amplifier Olle. and 
also biases switch CRI1O7 on; 
the voltage drop across its 
ground return resistor (not 
shown in the simplified dia- 
gram) reverse biases similar 
diode switches in the other 


bandpass filter circuits. 
Q113 operates 

bit degenerative; 

formed by T107 and the C179-C180 


onant circuit T108-C183, 
output parallel resonant 


bypass for the signal. Again, 
the output switching diodes in 
the other filters. 

When the PTO switch on the 
front panel is in the ExXTernal 
position, a voltage is applied 
through R191 to CRI15, and th- 
ence to the emitter of L.O. 
buffer Q117. This reverse bias- 
es this stage's base—emitter 
junction, preventing internally- 
generated L.O. energy from be- 
ing passed on. At the same time 
the voltage drop across R195 re- 
verse biases CR116 (since the 
INT line is low) and Q118 acts 
as a buffer for externally sup- 
plied  LeO\..signal,«.and. Avis 
passed on through R196 and C215 
to:. the» .L.0; output, “anplifier, 
Q120. 

When the PTO switch is in 
any other than the EXT position, 
the INT and EXT voltages are re- 
versed, and internally generated 
L.O. signal is passed on to Q120. 


without an emitter bypass capacitor, 
its collector is composed 
combination, 
impedance tap between these two capacitors, 
then stepped back up to 
circuit T109-C182-C184, 
CR108, biased on through R173, the secondary of T109, 
the voltage drop across R218 reverse biases 


RI7O 


O+VIE0 


BUFFER 
R218 


LO BANDPASS FILTER/ BUFFER 


and is therefore a 
of a parallel resonant circuit 

Output is taken from the low 
and coupled through series res- 
higher impedance by the 
Output switching is via 
and R218. "C165 em 


EXT/ INT 
L.O. 
SWITCHING 


OUTPUT 
AMPLIFIER 


Q120 and Q121 are directly coupled, and amplify the L.0O. signal select- 


ed by the switching circuit. 


while R206 and R207 are the bias divider. 


The emitter of Q120 


is wired conventionally, 
Feedback from the emitter of Q121 
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to the base of Q120 is provided by the R209-C231 network. Output is taken 
from the emitter of Q121 through C232 and R212, and routed to the exciter 
board, 1 


CARRIER OSCILLATOR 


Since the ASTRO 102BX utilizes 
only one crystal filter, the car- 
rier oscillator frequency must be 
shifted appropriately when select- 
ing USB, LSB or CW modes, so that 
the signal will fall within the 
pass band of the filter, Only one 
oscillator is used, with a crystal 
switching scheme used to select the 
proper crystal, depending upon the 
mode selected, 

Oi7e 2G. the oscillator, with 
bias provided by R206 and R207. 
Feedback is provided by C188 and C- 
189. R205 is the emitter resistor, 
The collector load is comprised of 
T105 and C187, which form a paral- 
lel resonant circuit. R204 and C- ClnniERTosce LATOR 
190 form a decoupling network. 

In the LSB mode, a+ voltage 
is applied through 1106 which for- 
ward biases diode CR106, with R208 
serving asa ground return. In this manner, C196 effectively grounds the 
lower end of C194 and C195, placing Y103 into the circuit between Q122's 
base and ground; the oscillator then operates at Y103°s frequency, as trim- 
med by C195. 

At the same time, the voltage drop across R208 reverse biases CR107, 
preventing Y104 from having any effect on the oscillator frequency. In the 
USB or CW receive modes, the + voltage is applied via L107 to CR107, forward 
biasing it in the same manner as CR106 in the LSB mode. CR106 is now re- 
verse biased, and Y1O4 controls the frequency of oscillation. The exact 
frequency is set by C198. 

When transmitting in the CW mode, an offset is desired to place the 
Signal into the passband of the IF filter. In the ASTRO 102BX, this offset 
is approximately 800 Hz from the receive condition, and is provided by "pul- 
ling" the frequency of Y104. In transmit, the CWX line is high, forward 
biasing CR108 and reverse biasing CR109. C199 and C200 now affect the freq- 
uency of Y104, and C199 is adjusted during alignment to provide the desired 
frequency offset. 


CW SIDETONE OSCILLATOR 


When operating in the CW mode, a sidetone is provided in the transc- 
eiver's loudspeaker so that the operator may monitor his own sending. This 
signal is generated by CW sidetone oscillator U101B. The frequency of the 
sidetone is determined by the positive feedback path for U101B, that is, C- 
106, C105, and R118. The gain of the stage is determined by the inverting 
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feedback path, R121, CR125, CR111 and R120, with the diodes providing a lev- 
eling action for the oscillator 

output. The output is applied 

to sidetone level control R124, cios.—sri22 

and thence to the audio freq- 
uency power amplifier via coup- 
ling-capaca tor C105. 

Keying of the sidetone 
oscillator is accomplished by 
Ql102 and Q103. When in the CW 
mode, CR110 is reverse biased, 
but the base of Q102 is held 
low by the "T" line, maintain- 
ing Q102 in a conducting state. 
When the key is closed, the "T" 
line goes high, allowing the = 
base of Q@lo2’to rise, and cut- . 
ting off conduction in R116 in 
the collector circuit 

Thus, when the key is closed, and the MODE switch is in the CW position 
the base of Q103 is low due to the fact that Q102 is not conducting, and it 
does not conduct. This allows U1O1B to oscillate. When the key is opened, 
the "T" line goes low, CR1O09 conducts, and the base of Q102 is grounded. It 
thus conducts, creating a voltage drop across R116, and biases Q103 on. This 
prevents U101B from oscillating, 


-5 VOLT OSCILLATOR/REGULATOR 


The negative five volts DC required 
by various portions of the transceiver 
circuitry  Gs™provided “by ostiliatorsu-— 
103, a timer IC connected in the astable 


Ri23 
SIOETONE LEVEL 
R124 


ation, Output is taken through capac- 
C114 and C115 are an integral part of 
illator output. Their individual vol- —SV OSCILLATOR 
The negative voltage thus generated is regulated by the combination of 


mode, The frequency of oscillation is 
set by the R143, R144 and C112 combin- 
itor C114, and applied toa voltage cll4 CRIS = RI4] 
doubler composed of CRI118 and CR119. + PN 
CRIB +-CHS 
Ir & +Teus 
the doubler circuit, charging alternate- ce ie pics 
ly on different half-cycles of the osc- 
tages add during discharge, providing ea RESUL ALCS 
the required voltage doubler action. 
dropping resistor R146 and zener diode CR120, in a conventional zener reg- 
ulator circuit. Output is filtered by C116. 
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Ancillary Circuits 
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FREQUENCY COUNTER 


The ASTRO 102BX uses an accurate, crystal controlled time base and a 
frequency counter to provide the operator with a digital display of the 
transceiver's operating frequency. This counter measures the local oscil- 
lator frequency, corrects for the fact that this is 9 MHz above that which 
the transceiver is receiving or transmitting, and displays the results. 

The incoming local oscillator signal, taken from the emitter of Q114 
on the exciter board, is amplified and processed by the counter input amp- 
lifier. R102, R103 and R104 form an attenuator network, used to reduce any 
spurious signals generated in the counter, preventing them from being coup- 
led back into the receiver circuitry. The overall design of the counter in- 
cludes extensive planning to prevent "counter birdies"--an unfortunate phe- 
nomenon in all digital dial radios. This includes the solid shielding box 
and cover that the counter is enclosed in, feedthrough capacitors on leads 
penetrating this shield, high isolation amplifiers, input attenuator, etc, 
The results are that the unavoidable spurs are reduced to insignificant 
levels. The technician is cautioned to exercise particular care in main- 
taining the integrety of this shielding. 

C104 couples the signal to the base of the first of two devices con- 
nected as a compound pair, Q101 and Q102, Bias for Q101 is provided by con- 
ventional voltage divider R105-R106, and the drop across its emitter resis- 
tor, R107, provides bias for Q102. The emitter resistance of Q102 is div- 
ided into two parts, R108 and R109, with the latter bypassed by C105. This 
arrangement compensates for the inherent 6 dB-per-octave rolloff in trans- 
istor gain, thus levelling its response over the range desired. Output from 
Ql02 is taken via the collector, coupled through C106 and R113, and applied 
to the base of Q103. This stage is conventional in all respects, with R114 


e e 
CLR. XFR RST 
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and R110 forming the bias network and R111, bypassed by C109, the emitter 
circuit. The output of 9103, now gain-levelled and amplified, is applied to 
the base of Q104 through 
C108, Since the desired 
output of this stage is 
a square wave suitable 
for driving the counter 
prescaler, and linearity 


is no longer of import- nee pC oe 
anee, CRIIT7 J suffices to re 
provide bias for Q104. RIO 


The collector is direct- a = 
ly coupled to the input 
of the prescaler. 

U102, a divide-by- 
ten counter, reduces 
the frequency of the + 
incoming signal from 
the input range of ap- 
promigacely 10.6 to:39 
MHz (9 MHz above the transceiver operating frequency) to 1.08 to 3.9 MHz for 
the input of the counter proper, It is cleared at the end of each count 
cycle by the negative-going pulse on the clr line. This line provides the 
necessary gate function to drive the counter proper. 

The counter chain is conventional, with two exceptions; the output of 
the prescaler is still too high for reliable operation of the CMOS devices, 
particularly complex devices such as counters, on a 5 volt supply; hence, in 
this decade, a low-power Schottky device is used. This counter, the least 
significant figure decade (100 Hz on the display), counts using the conven- 
tional BCD code, and its four output lines drive U105, a combined storage 
latch, decoder, and seven-segment display driver. When the end of the count 
cycle is reached, the xfr line is brought momentarily low causing the latch- 
es in U105 to accept the data being fed to it by U104, and to store it until 
updated at the end of the next counting cycle. This data is then decoded, 
and the proper segments of the display, CR201, are activated, displaying the 
count. CR201 is a common anode type of display, so grounding the input pins 
for the appropriate segments will cause them to light. Current is limited 
to the correct value (15 mA) by internal circuitry of “U105,” -Ri19 is used to 
provide a path to ground for the decimal point of CR201, and to limit its 
current, so What it is lighted.at all times the radio is-on. 

The second somewhat unusual feature of the counter is that the output 
of the LSD decade is not taken from the counter "carry" output, for the 
pulse presented here is much too narrow for the following, CMOS decade. In- 
stead, output is taken from the Qp terminal, through current limiting res- 
istor R120, and applied to the base of Q107. The collector, with pull up 
resistor R121, is connected to the input of the next decade counter, U106,. 
The pulse thus obtained is much wider than that presented at the "carry" 
output, and is inverted to the correct polarity. 

The subsequent decades of the counter are all of the CMOS family--U106, 
UICC oll Orang. UL y shack nas ae carry output ohich,is used to'drive dir- 
ectly the "up count" input of the subsequent decade. Each has four BCD 
coded data output lines which are connected to the latch/decoder/driver IC 
@0rresponding » to that decade, i.e,,, U107, U109, Ull1 and U113. . Hach’ of 


COUNTER INPUT 
AMPLIFIER 
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these in turn operates the appropriate display indicators. The latches are 
all strobed once per count cycle to update the display, in the same manner 
as described for U105. 

In order to read the incoming frequency correctly, to the nearest 100 
Hz, the counter would have to be gated "on" for 10 milliseconds; however, 
since we use a prescaler with a divide-by-ten ratio, we must extend the 
count cycle time to 100ms. This is accomplished by the clr line of U102, the 
prescaler, It operates, and passes on its output pulses, only when that line 
is high; thus, for the time it is low, the counters stop, but store their 
present count while the latches are strobed, thus_passing that count to them 
(and the displays), and then are preset by the rst line, ready to start the 
next count..cycle; 

Unfortunately, it takes a finite time to COUNTER TIMING CHART 
(a) stop the counting, (db) transfer the count 


to the latches, (c) clear the counters and 100me Smg | 
(d) start the next count cycle. This is ac- | ) | | 
complished, as shown in the accompanying co- UU. to 


unter timing chart, during the 25 ms immed- 


jately following the counting portion of the ood We Fe) Wed (cl Les Dg A 


counting cycle. This overall cycle trans- ; ; 7 : 


lates to a rate of ‘eight updates of the dis- 4 far D 


play per second. 


' 1 

For a laboratory-style frequency counter hae er] [vie ora 
i) i 1 
4 


each decade would be reset to zero (BCD 0000) 


1 
at the end of each complete count cycle; but ‘ans Se Soe pS LI RsT 
Oe 


here, we have to account for the fact that 
the frequency being counted is 9 MHz above [Sr Taipower at ae ZUR 
the operating frequency, and for the fact 

that we have different offsets (carrier osc- 

illator frequencies) for USB and LSB operation. This makes it necessary to 
preset the counters to a number different than zero in order to compensate. 
When operating in the USB mode, the number to which the counters must be 
preset are (MSD to LSD) 09967; in the LSB mode, it is 10000. This is ac- 
complished by hard-wiring the USB and LSB lines to the appropriate load in- 
puts of the counter chips, and using the rst line to drive the "load" con- 
trol pins. Then, when the active counting portion of the count cycle be- 
gins again, each counter advances through zero (overflow) to a value approp- 
riate for the transceiver operating frequency, and this value is displayed. 
Any carry from the MSD counter is discarded and ignored. 

Another way of stating the matter is that the counters are preset to 
the above numbers, which correspond to a number that is 9,000.0 (or 9,003.3) 
subtracted from the overflow value of the counter chain, i.e., 10000.0. 
This is, in fact, a negative number, although the counter does not recognize 
it as such---in this way, the counter subtracts the carrier oscillator freq- 
uency from the L.O. frequency, as is required for a correct display. 

It is not necessary for the 10 MHz digit to be arrived at by a counter, 
and to do so would add unnecessary complexity to the circuit. Instead, it 
is hard-wired such that, when the BAND switch is on the 160 through 40 meter 
positions, it is extinguished; when it is in the 20 meter position, Q109 is 
saturated and segments B and C of the display are grounded through approp- 
riate current limiting resistors, and the numeral "1" is therefore dis- 
played; and in the 10 and15 meter positions of the BAND switch, Q108 is 
saturated, grounding the current limiting resistors for segments A, B, D, E 
and G, thus displaying the numeral "2". 

6-3 


 CcusBic 


COMMUNICATIONS 
SWARM DIVISION 


The necessary_control signals for 

the counter (clr, rst, and xfr), are COUNTER TIME BASE 
generated by the time base/control 
circuitry. Crystal Y101, operating at 
a frequency of 1.31072 MHz, provides 
the stability necessary for accurate 
frequency measurement. C110 permits 
it to be adjusted to precisely the 
correct frequency. U114 contains the 
oscillator circuitry, as well as a di- 
vider with a factor of 214, or 16,38. 
The output of the counter is the squ- 
are wave signal labelled "clock" on 
the timing chart. Ull15 is a decade 
counter, with outputs taken at the 
clock-divided-by-two (A) terminal, and 
the clock-divided-by-ten (D) terminal. 
The waveforms are shown in proper relationship in the timing diagram. The 
D output, inverted by Q105, is used as the clr signal; gate U103A generates 
the rst signal, and gate U103B generates the xfr signal. 


10.5 VOLT REGULATOR 


A regulated 10.5 volts is required by many of the circuits in the tr- 
ansceiver. It is provided by the circuit comprised of Q116, 9117 and U102. 
The raw +14 volts is applied to 
the emitter of PNP series trans- 
istor Q116. 

The output of Q116, its 
collector, is sampled by the R- 
140-R141-R142 voltage divider, 
With RIM] serving .as the "+10.5 
set" control, and its wiper is 
connected to the inverting in- 
put of Ul102. A reference de- 
rived from zener diode (CR117 
through dropping resistor R133 
is applied to the operational 
amplifier's non-inverting input. +10.5V REGULATOR 
The output of this stage, a IC 
voltage, is applied to Q117 and 
determines the degree to which it is allowed to conduct, and thence its col- 
dector voltage. Its collector,- in*turn, drives the. base of Q116 in such a 
manner as to control its degree of conduction, and thence to maintain its 
output voltage at the required level. 


WATTMETER/SWR DETECTOR 


The wattmeter board circuitry takes a sample of the current in the an- 
tenna line via transformer T101, anda sample of the voltage signal appear- 
ing on the antenna line at the output of the transformer via the capacitive 
voltage divider composed of C101, C102 and trimmer C103, the latter of which 
allows precise alignment, These signals are combined in such a manner that 
CR101 produces a rectified output voltage proportional to the magnetude of 
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any Signal reflected from the antenna due TO LPF ANT 
to mismatch, etc., while CR102 provides a ol lt 
voltage proportional to the power sent to ae 
the antenna. These signals are smoothed 

by the C104-R103-C106 and C105-R104-C107 

combinations. These signals are then RS 


used in the ALC, SWR, and wattmeter cir- 
cuitry to provide front panel indications 


and protective functions for the trans- WATTMETER/ 
mitter power amplifier. SWR 
DETECTOR 
AUTOMATIC LEVEL CONTROL £4 
RIO3 

The FWD and REFL signals from the 

wattmeter board are coupled to the pre- aide 

selector board where they are adjusted by 

R104 and R107 respectively. C102 and C- = 


103 bypass the lines as they come into 
the board, CRLOW and CRIO5 act as an or 
gate, allowing the largest of the 
two signals to pass to the invert- 
ing input of ALC amplifier U10O1A. 
Feedback for this amplifier is via 
R103, while R102 and R105 estab- 
lish a bias at the non-inverting 
input which sets the quiescent op- 
erating point of the output of 
this stage. R101 and CR101 pro- 
vide a regulated voltage for this 
bias network and for U1O1, as well 
as for the ALC ZERO adjustment, 

If the REFLected ALC signal 
should exceed a given amount, or 
if the FWD ALC signal should ex- 
ceed that produced at the maximum 
safe “outputeor Sthe=PA, eCRIO5 “or 
CR104 will conduct, causing the 
output of U1O1A to go more negat- 
ive. This output will be passed through CR102, and on to Q101 in the pre- 
selector, where it is used to reduce the gain of the stage, and thus the 
output of the transmitter. Manual RF GAIN control is accomplished by in- 
serting a voltage to Q101 via CR103 to the ALC line when in the receive con- 
dition. The "R" line, through CR106 and R108, biases the inverting input of 
U1O1A in such a manner as to disable it in receive. 

The output of U101A is also coupled via R106 to the inverting input of 
U101B. The ratio of feedback resistor R111 to input resistor R106 deter- 
mines the gain of the stage, and the output is coupled through limiting res- 
istor R112 to the meter switch, where it may be selected by the operator to 
give a front panel ALC indication if he so desires. R110, connected to the 
non-inverting input of U101B, provides a zero set calibration control for 
the meter reading. When in the receive condition, U101B is also disabled by 
the "R" line, through CR107, in the same manner as U1OI1A, 


ALC AMPLIFIERS 


R 
LINE = 
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FWD and REFL signals from the watt- 
meter board are also applied to, SWR me- 
ter drivers U1LOM4A and ULOYB through cal- 
ibration potentiometers R147 and R149, 
respectively. These are unity-gain amp- 
lifiers, used only to prevent the meter 
from loading the wattmeter board output. 
The operator may select either the FWD 
or REFL power to be read on the cali- 
brated meter by means of the front panel 
METER switch. R148 and R150 are cur- 
rent limiting resistors. 


VOX CIRCUIT 


When VOX operation is selected by SWR METER DRIVERS 
the operator, microphone AF is supplied 
from the preamplifier to U1LO4A, where it 
is further amplified. The amount of this 
amplification is controlled by the VOX gain control, R140, The output of 
this stage is rectified by CR113, and smoothed by C125, and applied to the 
inverting input of comparator 
U1LO4B. yonn 

A sample of the received 
AF, from the speaker line, is 
applied to the anti-trip con- 
trolges RIY9, —andsthen, through rom 
€130 to CRI115 and CR116, which ci240 
form a voltage doubler recti- TO vox 
fier... C129 “emooths this I sag 4 
Signed, and it.is..coupled. to 
the non-inverting input of the 
comparator. A IC bias, to set 
the comparator's threshold, is 
added to the rectified anti- 
trip signal by the R146-R148- 

network, The comparator's 
output will depend upon which 
of the two input signals are 
the larger; should the VOX sig- 
nal be the largest, the output will go 
low; if the anti-trip signal is larger, 
it will be prevented from doing so. 

The output of the comparator is 
coupled through R142 to the trigger in- 
put of timer U105, causing it to acti- 
vate and its output to go high. This 
high state is continued for the durat- COMPARATOR? 
ion of the low on the input (diode CR- CRIN4 O sil4 
114 prevents (C128 from charging during 
the duration of the low voltage at its 
cathode) plus the time it takes for C- 
128 to charge through R144 and R145 to ia 
2/3 of the supply voltage after the low 

As VOX DELAY 


RX A ANTI-TRIP 
RI49 


C130 CRII6 


VOX AMP & == CRIS 
COMPARATOR 


Ri44 
VOX DELAY 
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on the input of the timer has ceased. The amount of time it takes for C128 
to charge is determined by the setting of R144, thus the amount of delay is 
controllable. Should VOX not be desired, . nO, 
the VOX/PTT switch connects a + voltage 
to the timer input via R143 when in the 
PE epeci tion 


KEYING CONTROL 


When in the CW mode of operation, 
the. CW Lineristhigh, andeit;?through R101 cw 
biases Q101 on, effectively reducing its ‘it 
collector voltage and cutting off 9102. fmoa KEYING 
This makes the collector voltage of Q102 CONTROL 
rise, and CR1LO2 conducts in turn, biasing Q103 to an ¢ on condition. Thus its 
collector, she key line, is at a low value, its normal, un-keyed condition. 

Should either the EXT KEY or the KEY 
contacts be closed, the junction of R104 
and R105 in the collector circuit of Q102 * +10.5V 
is grounded, removing the voltage to CR- I 
102 and the base of Q103 causing the col- 
lector voltage to Q103 (and the key line) 
to rise, 

In the USB or LSB modes, the CW line 
is low, and Q101 does not conduct. PIT 
operation is then exactly as described 
above for CW, but if VOX is selected, the 
VOX circuit provides a voltage to R103 
which causes Q102 to saturate, again re- "T" LINE CONTROL 
moving voltage from CR1O2Z, and so Q103 
ceases to_conduct and the key line rises. 

The key line, when high, causes CR103 to conduct through R107 and R108 
biasing Q104 on. The combination of R107 and C101 control the rise charac- 
teristics of the keying waveform, while the falling 
characteristics are controlled by the discharge of 
C101 through R108 and the parallel combination of 
the base-emitter junction of Q104% and R109. When 
Q104 conducts, its collector goes low, lowering the 
base potential of PNP transistor 9105, and it sat- 
urates, energizing the "T" line. 

When the "T" line and key line are both high, 
CR105 and CR1O6 are reverse biased, allowing Q108 to 
conduct, and charge C105 through R121. This time 
constant determines how fast the "T/S" line is al- 
lowed to rise to full voltage. The "T/S" line sup- 
plies bias to the drivers for the transmit mixer, 
Z102 on the exciter board, thus permitting generat- CW SHAPING 
ion of the transmitter signal. 

For lower speed CW operation, it is desirable 
to have a slower ("softer") attack and decay time on the CW note, so the op- 
erator may switch C106 in parallel with C105, thus increasing the time con- 
stant. High speed CW is more easily copied when it has a fast ("hard") at- 
tack time, so C106 is then switched out of the circuit, at the operator's 
option. 
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Also, when the key line is high, 


C102 and biasing Q106 on through R112 and R114. 
it to cease to conduct, 


age of Q107, causing 
ground potential. When the key line 
goes low, C102 discharges through R- 
112 and the R113-R114 and Q106 base- 
emitter junction parallel combinat- 
jon, delaying.the turn off-of. 9106 
and thus the return of the "R" line 
tO ea high‘'vaiue. This is. to assure 
that there is a delay between the 
deenergizing of the "T" line and the 
reenergizing of the "R" line, so 
that certain switching functions can 
be accomplished without affecting 
either receive or transmit function. 

When semi-breakin is selected 
the CW timer holds the base of Q106 
high fora brief time, preventing 
return to the receive condition be- 
tween characters. When full breakin 


is selected, this feature is disabled. 
When either the "T" line or the key line is high, voltage is 


CR104 is allowed to conduct, charging 
This lowers the base volt- 
and bringing the "R" line to 


HO.5V 


R LINE 


CW TIMER 
"R” LINE CONTROL 


applied to 


Q110, making it conduct. This brings the PA BIAS control line low, and turns 


on the bias to the power amplifier stages. 
Q111 then conducts 


allowing it to conduct. 
to the CWX line, energizing it. 
Should, however, the "R" line be 
high, voltage is applied through R117 
to the base of Q109, causing it to 
saturate, and grounding the base of 
Ql10, thus nullifying the effect of 
the "T" and key lines outlined above. 
Thus, there can be no output from the 
transmitter until the antenna switch- 


ime..carcuitry, has «returned. to the 
receive condition. This is an "in- 
terilock’-~ function; which prevents 


damage to the receiver front end in 
tne. events or .a.controlimalfunction. 


CW TIMER 


When the BREAKIN switch is in 
the SEMI position, energization of 


the "T" line applies a voltage to 
thes pase 0flG113,...causing it to 
saturate and the voltage at the 


input of. timer .ULO1 to<go low. .So 
long as this condition pertains, 
capacitor C108 is prevented from 
charging through R128 and the CW 
DELAY control by diode CR110. When 
the input is low, or until C108 is 
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Also, the base of Q111 goes low, 
from the CW line through CR109, 
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charged to 2/3 of the supply voltage after the input has returned high, the 
output of U101 is high. When this condition prevails, Q114 is turned on 
through R129 and R130. This in turn saturates Q115, which keys an external 
relay (such as for a linear amplifier, etc.) through protective diode CR111 
and resistor Ki 32. 

Should FULL breakin be selected by the operator, the base of Q113 is 
grounded and the control input of the timer is never allowed to go low. Key- 
ing is then controlled by the key line, connected to the junction of R129 
and R130. When the transmitter is keyed, this line goes high, and Q114 and 
Q115 are again saturated, grounding the external relay line. Note that few 
external amplifiers are capable of operating at full breakin, due to the 
slowness of the switching of the various relays, etc. Only those amplifiers 
especially built, or modified, for QSK operation should be used when full 
breakin is desired. 


NOISE BLANKER 


The noise blanker signal input 
is taken directly from the receiver 
antenna input, and is coupled th- 
rough isolation resistor-capacitor 
combination R101-C101 to the base RIO 
of ‘compound stage: “Qi diane “oioee eNieae AN 
Bias ror’ that. pare is- derived from 
R108 and R103, with supply decoup- 
ling provided by R109 and C102. 
Frequency compensation is ac- 
complished by R106-C104 and R105- FIRST STAGE, 
C105 networks. Output is taken th- NOISE BLANKER 
rough C103,° RI10, and@eroerte ethe RIOS 
base of the second compound stage. 
That stage, Q104 and Q105, operates % 
in the same manner as the first one. 
In turn, ws this *outpal they wtaken to +NB +NB 
yet a third compound stage, Q106 T T 
and; Gi07,. [nis pare Gtlbuaec. “2 
conventional emitter network and 


Clos 


RIS Ri24 


Clog RI20 


Cli3 CcRIO2 


untuned transformer tet, a0 1ts al TO Alol 
output. Note that the entire cir- | = 

cuit is broadbanded--no selectivity (o"4 Vc ie 
Le .built Iw eOmchat, Nolse, pulses, Bt | 


no matter what frequency, will be 
accepted. The use of three com- 
pound stage amplifiers in cascade 
realizes a very high gain, for good 
sensitivity to the noise pulses. 
The upper half of the second- 
ary of T101 drives detector CR102, 
and after filtering by the (C115- 
C116-R126 network, the resultant DC 7 
Signal is applied to operational 
amplifier U10l1. The gain of this deyice is’ set’ by the ratio of KiZs toski2 
and its input threshold point is determined by voltage divider R127 and R- 
129 on the non-inverting input. The DC output of A101 is applied through 


2ND & 3RD STAGES, 
Tene NOISE BLANKER 
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current limiting resistor R112 to the base 
of Q103. Q103 supplies a current to PIN 
diode CRI1O1 which serves as a variable 
attenuator, thus supplying AGC to the 
noise blanker receiver. The R125, R126, 
C115 and C116 network integrates all in- 
coming signals to drive U101 and generate 
AGC to prevent strong signals (SSB, AM, or 
CW) from generating cross modulation in 
the blanking gate. 

The bottom half of T101 drives de- 
tector CR103, which supplies a IC pulse to 
the base of Q108 when a noise pulse is re- 
ceived. When 9108 is thus turned on, it 
in turn causes PNP transistor Q109 to con- 
duct, creating a blanking pulse across its 
load resistor, R134, which is coupled to 
the noise blanker gate in the I.F. circuit 
on the exciter board. 


PASSBAND TUNING INDICATOR 


A separate section of the front-panel 
PASSBAND tuning control, R103B, is used to 
develop a signal used to drive the series 
of LEDs that indicate the status of the 
tuning of the passband circuit. R166 is 
used in series with it to provide a range 
calibration adjustment, and the output, by- 
passed by C138, is coupled to the analog 
input of analog-to-digital converter IC 
U106, on the audio board. 

U106 is capable of free-standing op- 
eration, but to operate in such a manner, 
it must be provided with an R-C combin- 
ation that sets the frequency of operation 
of the internal clock oscillator on the 
chip. R168 and C137 serve this function. 
The IC must also be properly initialized 
when it is first powered up. Q106 and its 
associated circuitry perform this task. C- 
139 charges through R167 when power is 
first applied, thus allowing Q106 to con- 
duct until nearly full charge is achieved, 
grounding the appropriate pins on the chip. 
Once C139 has charged, Q109 ceases to con- 


duct, andthe initialization pins on the 


Ic are ungrounded, allowing it to operate. 
When power is removed, CR122 allows C139 
to discharge rapidly. 

The digitally-coded output of U107 is 
coupled to the inputs of PROM U107. The 
internally stored code in the PROM gener- 
ates the required signals to drive the 
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front-panel LEDs used as the passband tuning status indicator. When in the 


CW narrow mode, the CWN line energizes another input of the PROM, changing 
the code presented to the LEDs such that only two adjacent devices, repre- 
senting the frequency range being passed by the PBT circuitry, are lighted. 
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TRANSISTOR TROUBLESHOOTING 


Many techniques for troubleshooting transistor circuits have been ev- 
olved, of varying degrees of complexity and reliability. One system, per- 
haps the simplest and most reliable, is outlined here for your information. 
With it, you can determine, with only a few minutes thought and basic arith- 
metic calculations, what the normal operating voltages on any given transis- 
tor stage should be, and by comparing them with those actually measured, lo- 
Cate the fault in “the circuir, 

The key to the scheme is to remember that, for normal operation, the 
base-emitter junction of a transistor, must be biased into conduction--and 
that when this is so, the voltage drop across that junction will be approx- 
imately 0.7 volts for silicon devices and about 0.25 volts for germaniun, 

To illustrate how the system works, lets 
take a simple amplifier stage (at the right). 
To start with, we know that the base current is 
very small, nm the order of microamperes. For 
eur purposes, sthen, we-can ignore it, for it 
would be masked by circuit tolerances suffic- 

jently that we couldn't measure a voltage drop 
caused by it with our usual methods. We there- 
fore treat the bias network (the 56 kN and 1.2 
kQ resistors) as a simple voltage divider, and 
can compute the voltage that would appear at 
their junction (the base of the transistor). In 
this: case} iti works uteto (abouts 2 .ieevOu ce. 
Since we know that this silicon transistor has 
a base-emitter drop of about 0.7 volts, it fol- 
| lows that the eimtter voltage is that amount 
less than the base voltage, or about 1.4 volts. The emitter current can 
then be calculated by Ohm's law, and comes out to be about 9.3 mA. 

We know that both the base current and the collector current flow th- 
rough the emitter resistor, but the base current is so small that we can say 
for practical purposes that the emitter and collector currents are the same; 
therefore, the current through the 470Q collector resistor is also about 9.3 
mA, and the voltage drop across it is therefore about 4.4 volts. This means 
that the collector voltage would be 12 - 4.4, or 7.6 volts. 

Actual measured values ona normally operating circuit would be close 
to these values, while a malfunctioning transistor would result in greatly 
different values being found. Remember, transistors do not get "weak", as 
do vacuum tubes (with the exception of some emitter-ballasted power devices) 
so when they fail, they do so catastrophically--they open or short, or both. 
Thus, the voltages found on their terminals will be greatly different than 
if it were operating normally. For example, a shorted base-emitter junction 
would result in no 0.7 volt drop between those terminals; an open base-emit- 
ter junction would leave the emitter at ground potential (no base current 
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flowing, so no collector current, so no drop across the emitter resistor). 
And so on. It isn't hard to figure out just what is wrong with the device, 
although this isn't really necessary--if the voltages are not close to what 

you calculated, the device is probably bad. 


INTEGRATED CIRCUIT TROUBLESHOOTING 


Very little can be written concerning the finding of internal faults in 
integrated circuits, Often, the exact internal circuitry is both complex 
and unknown to the service technician, for manufacturer's data sheets gener- 
ally show only an equivalent circuit at best, and at worst, only the pinout. 

The data sheets often do, however, give a truth table or timing (wave- 
form) diagram for digital circuits, or some other description, not of what 
the internal circuitry is, but rather what it does. This, then, is the ap- 
proach we must use in troubleshooting them also. 

In short, we troubleshoot IC's by the process of elimination; Are the 
voltages at each of the pins about what they should be? Is the proper sig- 
fetecing into it? Then, if the proper signal isn't coming out of it, it is 
bad and must be replaced. Never mind what is wrong inside--you can't get 
inside to fix it anyway, and time spent figuring it out is wasted. Just re- 
mace’ 1%. 

A good voltmeter, a high impedance VIVM or better yet one of the newer 
digital voltmeters that will read to tenths of a volt or less, and a good 
oscilliscope are then necessary pieces of test equipment, and no shop should 
be without them. If you don't have them, you'll have to spend your time in 
speculation, and for the most part, the results will depend on guesswork. 
Either you'll use more time than necessary (and have to charge the customer 
for it) or you'll wind up missing the cause of intermittant problems, re- 
placing perfectly good parts, or the like. In either case, the increased 
cost to the customer (or decreased profit to the shop) is something that you 
can hardly justify. 


MEASURING SIGNAL TO NOISE RATIO 

The procedure for measuring the signal to noise ratio of a receiver is 
really quite simple, and it is a check that should be made on every receiver 
before it leaves your shop--finding a weak receiver and fixing the problem 
while it's in the shop is one of the best ways to keep a customer happy, and 
it will pay dividends in repeat business. 

Connect an unmodulated signal generator that has a 50Q output impedance 
to the antenna terminals, and tune it for about 1 kHz beat note audible in 
the speaker. Adjust the generator's output for about 0.25 uV at the antenna 
terminals, so that the AGG circuit isn't - activated. (Note that some gener- 
ators are calibrated in terms of their open circuit output voltage, not what 
is present when connected to a load--check yours out, so you can get the 
right setting. ) 

Connect an AC voltmeter across the speaker terminals, and adjust the 
volume control for a convenient reading on the meter. Note that reading. 
Now remove the signal generator connection and short out the antenna term- 
inals without changing anything else on the receiver. Note that reading. 

The first is the reading for the signal-plus-noise; the latter is the 
reading for noise only. The S/N ratio is 20 times the common log of the ra- 
tio between the first and second values. Some AC meters have log (or dB) 
scales and can be used directly. 
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SOLID STATE SWITCHING 


One of the more useful innovations in recent years is the application 
of solid state switching to signals within receivers and transmitters, It 
allows switching to be accomplished at the site, without the need for rout- 
ing long signal leads to a bulky, complex, and often troublesome multi-pole 
mechanical switch. Instead, a simple switch controls a IC voltage which in 
turn is applied to all of the points where switching of the signal is to 
take place, 

The simplest form of a solid state switch is the diode. We know that 
when it is reverse biased, it presents a very high resistance--high enough 
to be considered an open circuit when used in low or medium impedance cir- 
cuits. Modern manufacturing techniques have reduced the junction capacit- 
ance of switching diodes so low that they can also be used effectively in 
most high impedance circuits, too. Thus, a diode which has a reverse bias 
voltage greater than the peak value of any AC signal applied to it, so that 
it does not conduct during any part of the signal cycle, will act as an open 
Carcuits 

Conversely, modern diodes have a very low "on" resistance, so if for- 
ward biased with a current greater than the peak signal current, so that it 
conducts during all‘parts of the signal cycle, it passes the signal with 
little or no attenuation. 

All that is needed, then, is a circuit arrangement of capacitors to 
block the IC but pass the signal, (and perhaps bypasses, if high-level RF 
is near) and resistors to apply the bias and switching voltages, and the di- 
ode itself, 

Field bffectalransistors (FET's) can be used as even better solid state 
switches. Remembering that the source to drain path of the FET is a pure 
resistance, normally conducting, we can see that, as with any other resis- 
tance, current can flow in either direction (bilaterally), from source to 
drain or from drain to source, depending on the polarity of the applied vol- 
tage. Therefore, AC signals will pass. 

Now, if we apply a voltage to the gate thatyis’) sufficient to’ "pinen 
off" the source-drain path, the effective resistance of that path increases 
greatly, effectively opening the circuit, and thence the signal path. 

Normally, N-channel, depletion mode devices, with good bilateral char- 
acteristics in the source-drain path and low "on" resistance are selected 
for service in switching applications, although P-channel devices are also 
used. 

All, then, that is needed for a FET switching circuit is the FET, suit- 
able blocking capacitors and load and biasing resistors, just as in the case 
of the diode switch. In some instances, even these can be omitted, using 
the signal voltages themselves to provide any bias. 


TWO TONE TESTING 


Probably the most useful and yet least often performed test of a single 
sideband transmitter's performance a technician can make is the two tone 
test, and yet it is easily performed. The two tone test will disclose qu- 
ickly and easily most of the major faults that are to be found in an operat- 
ing transmitter by showing nonlinearities, improperly adjusted bias ,.OVer— 
driving, and many other problems. 

While a full discussion of the two tone test and its results is beyond 
the scope of this manual, a brief discussion is in order. More thorough 
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treatment is available in many competent references for those who wish to 
pursue the matter further. 

Basically, this test is performed by applying two non-harmonically re- 
lated audio tones, of equal amplitude and within the pass band of the radio, 
to the microphone input and observing the output across a dummy -load on an 
oscilloscope. In this manner, the entire transmitter, from microphone jack 
to antenna terminal, is tested in one simple operation. 

These tones can come from two audio signal generators, or better yet, 
from a two tone test set specifically designed for the purpose. Several 
such designs of adequate quality are included in amateur handbooks and other 
readily available literature. The tones must be very pure sine waves, and 
of equal amplitude, and not harmonically related to each other as mentioned. 

The oscilloscope used to view the transmitter's output must be capable 
of displaying the frequencies at least as high as those in use, and prefer- 
ably higher. A 30 MHz bandwidth instrument is adequate for all HF amateur 
bands, while the more common 15 MHz bandwidth instrument would serve for the 
160, 80, 40 and 20 meter bands. Since any problems of nonlinearity, bias, 
etc., could be expected to show up on all bands, testing on one band only is 
usually considered adequate. 

Several waveforms and their common causes are included here for refer- 
ence, and others are available in current literature. 


FEEDBACK AMPLIFIERS 


The gain of individual transistors, within a given type number, unfort- 
unately varies over a wide range. Often, this is satisfactory for the de- 
signer's purpose, but occasionally there arises a situation where the gain 
of the stage must be controlled more precisely. In that case, it is often 
advantageous to use an amplifier stage em- 
ploying emitter degeneration (feedback) to 
set the gain of the stage. The accompany- 
ing diagram shows one such typical stage. 
The gain of the stage is approximately 
equal to the ratio of the collector load 
to the unbypassed portion of the emitter 
resistance. In the case of choke or tuned 
circuit loads, the value used in this cal- 
culation is the’ absolute value of the col- 
lector load impedance. 

Utilizing this technique also raises 
the input and output impedances to higher 
values than would otherwise be the case, 
a condition that is often desirable. The 
bandwidth of the circuit can also be in- 
creased, under the right circumstances, although, under other conditions, e 
might be decreased instead. It is also possible to select the value of the 
capacitor bypassing a portion of the emitter resistance such as to provide 
frequency compensation for the inherent 6 dB per octave drop off in gain as 
the frequency is increased, that is a characteristic of all bipolar transis- 
LOLs. 

Another type of feedback amplifier is shown in the second diagram, In 
this instance, the gain is approximately equal to R2 divided by Rl, provided 
that the load resistance is much much greater than R2, and the impedance of 
the source feeding the circuit is much less than Rl. The input impedance of 
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this stage is equal to Ri's value, and the 
output impedance is low. Since both input 
and output impedances can be quite low, the 
bandwidth may be very wide--100 MHz or gr- 
eater, 

Since the feedback path of the circuit 
(R2) allows just enough signal from the 
output to be fed back to the base to cancel 
out that coming in through R1 (and the 
feedback signal is out of phase with the 
incoming signal), little or no signal will 
bevecen at \thesbase. ites a> “virtual” 
ground, so far as voltage is concerned! 

This characteristic can be used to sum 


two or more signals, setting different gain RI-2 
values for each signal, if desired. The RI-3 
gain for each signal is proportional to the 

ratio of the feedback resistor (R2) to it's pheasant ad 


own input resistor only; the other input 
resistors do not affect the gain of that 
particular signal. It is interesting to 
note that this is a summing, not mixing, 
amplifier, often another useful property 
Ot. the circuit. 


A SIMPLE IMPULSE NOISE GENERATOR 
The noise blanker circuit used in SWAN radios, like all effective noise 
blankers, is designed to detect the presence of impulse noise above a cer- 
tain threshold, and to mute, or blank, the output of the receiver for the 
duration of that pulse. (There is no circuit or scheme that can eliminate 
static or background hiss types of noise.) Since operation of the blanker 
circuit depends upon the presence of this high level impulse type of noise, 
it is difficult if not impossible to service the circuit unless a cource of 
such impulses is avail- 
able. Efforts to ser- 
vice it using the com- Ono iev 
monly available test 
equipment lineup are Sofi] i}, 
ineffective, and may. i 
well lead to misadjust- 
ments--most often, this 
section of the receiver 
is never checked out, 
but merely accepted on 
faith. 

It follows, then, 
that a simple, inexpen- 
sive instrument’ that 
generates this type of = 
signal would be most 
useful in the service Nolse Generator 
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shop, yet commercial instruments are prohibitively expensive, For that re- | 
ason, the circuit of such an instrument is included here, so that it may be 
built up locally and added to the shop equipment inventory for such service. 

Referring to the accompanying diagram, we see that the 2N1671 is a uni- 
junction transistor, connected in an oscillator circuit. The 0.22 mfd cap- 
acitor is charged through the 100K and 1M resistors, with the latter made 
adjustable to control the charging rate. When the charge reaches a certain 
level, the UJT fires, discharging the capacitor, and generating a sharp 
pulse of current through the 56 ohm resistor. This in turn fires the 2N5060 
delivering thereby a relatively large current pulse through the inductor. 
This pulse is used to simulate the impulse noise. Level is adjusted by the 
50 ohm potentiometer, and the small wattage 27 ohm series resistor acts as 
an output fuse, for protection from the circurt to which it is; connected 
Power is shown as two. 9-volt batteries in series, although a suitable AC 
supply delivering approximately 18 volts DC at a few milliamperes would also 
be suitable, 


THE PHASE LOCKED LOOP SYNTHESIZER 

Electronic phase locked loops (PLL) have been in use since the 1930's 
where they were used for radar synchronization, In later years, they came 
into more widespread use as the synchronization system in television re- 
ceivers and other applications. It is only in recent years that they have 
found widespread use as frequency synthesizers, where they have found many 
applications in satellite communications systems, airborne navigation sys- 
tems, FM communications, and, most recently, in HF SSB communications equip- 
ment. 

In the basic PLL system, the output of a local voltage controlled osc- 
ada tox (VCO) is compared with an incoming, or reference, signal, and if the 
two are not of the same frequency and phase, an error signal is generated to 
tune the VCO in such a direction, and to the required degree, that they be- 
come so. This is the system used in television sync systems, and is shown 
in the accompanying diagran, 

The usefulness of such a simple 
system is limited, however, to such 
synchronization tasks; however, it oie 
was found that, if a means of divid- Comparator 
ing the output frequency of the VCO 
could be inserted in the path be- 
tween the VCO and the comparator, 
the output of the VCO could be made 
to automatically assume a frequency 
that was a multiple of the reference 
frequency, that multiple being equal 
to the division factor of the divid- 
ericircuit, 

By making the divider circuit programmable, that is, making it so that 
the division ratio could be varied at will, and making the VCO of an approp- 
riate frequency range, true frequency synthesis could be achieved; that is, 
the frequency of the VCO could be made to vary, in integer multiple steps 
of the reference frequency, This scheme is shown on the following page. 
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Digital circuitry lent itself 
quite handily to the implementation 
of the frequency: divider, in that a 
number of available chips could be 
used as programmable dividers, or in 

_the present terminology, "divide-by- 
N" counters, where N is the dividing 
integer. VCO's of various configur~ 
ations were easily achieved, using 

‘varicaps as the tuning element. BASIC MULTIPLIER PLL 

Initial PLL designs used phase 
comparators constructed out of dis- 
crete components, and were often 
very complex and difficult to "tame". 

The development of specially designed integrated circuit phase compar- 
ators that were basically digital mixers greatly alleviated many problems, 
but created another. In such a mixer, leak-through of the reference freq- 
uency components to the error, or tuning line to the VCO is common unless 
specific steps are taken to prevent it. Such leak-through results in freq- 
uency modulation of the VCO at the reference frequency, and if held low 
enough, will be unnoticable in the reception of AM or FM signals, but is 
quite difficult to reduce to a level where SSB or CW signals can be received 
without objectionable distortion caused by this FMing. The means taken to 
reduce this distortion is the includion in the loop, between the phase com- 
parator and the VCO, of a filtering arrangement to reduce the amplitude of 
the reference frequency feedthrough to the VCO. Usually a low pass filter 
is used for this purpose. 

Since the loop filter contains 
considerable capacity to ground, of 
necessity, and its cutoff frequency Fret0 
is below the reference frequency, 
it controls the time required for 
the loop to reachieve lock after a 
change has been introduced, such as 
when the divide ratio of the count- 
er has been changed. At low ref- PRACTICAL MULTIPLIER PLL 
erence frequencies, lockup time can 
become objectionably long. In the 
Astro 102BX, a synthesizer is used to generate the different band frequen- 
cies which are mixed with the PTO output to produce the local oscillator 
signal. The reference frequency is sufficiently high that a relatively sim- 
ple loop filter is all that is required. 
Setting the division ratio into the pro- 
grammable counter is accomplished by the 
BAND switch, in conjunction with a diode 
matrix and programmable read-only mem- 
ory integrated circuit. 
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ceiving system, the more readily a signal of a given strength can be rec- 
eived and understood. This phenomenum occurs because what we really hear is 
the signal to noise ratio, rather than the absolute signal strength, and the 
narrower the received bandwidth, the less noise is received; hence a better 
signal to noise ratio and a more understandable recovered signal. The lim- 
iting factor, of course, is the bandwidth required for intelligibility of 
the desired signal. This is one of the chief advantages of single sideband 
over other communications methods. Since the necessary bandwidth is less 
than half that necessary for AM, for instance, it will result in more than 
twice the signal to noise ratio than an AM signal of comparable power, due 
solely to the reduction in received noise. 

Studies show that the minimum bandwidth required for intelligible tr- 
ansmission of the human voice is about 2.5 kHz, although one can "get by" on 
a bandwidth of as low as 2.0 kHz, if a bit more degredation of the voice 
quality can be tolerated. In actual fact, however, these are average fig- 
ures, and individual voice requirements vary widely. I1t has been the prac- 
tice (and still is, in many cases), 
to use a fixed bandwidth, set by a 
high quality crystal filter in the 
IF of the receiver, to improve the 
Signal to noise ratio. The res- 
ponse of a typical filter is shown 
to the right. 

Since individual voices vary 
in their requirement for bandwidth, 
however, it would be advantageous 
in many instances, to be able to 
vary the bandwidth to lower limits. 
‘By being able to cut off the top or 
the bottom of the passband, thus 
reducing the bandwidth, it is possible to reduce the effects of close-by 
interfering signals, often at acceptable levels of degredation of the desir- 
ed signal quality. Crystal filters, however, do not lend themselves to such 
operator adjustment. 

Quite recently, a scheme for accomplishing this has been developed; it 
is called "Passband Tuning". In this scheme, the basic bandwidth is set by 
a high-quality crystal filter in the IF as before. But, after that filter, 
a circuit is included to translate that IF frequency to another frequency, 
usually higher. The signal is then passed through another crystal filter, 
of similar bandwidth as the first, and then translated back to the first IF 
frequency. If the frequency of the 
oscillator used to translate the 


signal to and back from the second |. pat al 
errs FILTER 


TYPICAL SSB FILTER CURVE 


IF is such that the passband of the 
two filters line up, no change in 
the bandwidth is noticed; however, 
if this oscillator frequency is 
made variable, the passbands of the 
two filters no longer lines up, and 
either the upper or the lower end 
of the passband of the first filter 
is cut off by the second, as shown 
in the accompanying diagram. Since pirate helt —_— 
the frequency of this passband tun- 
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ing oscillator is continuously variable, we have achieved continuously var- 
iable bandwidth. Skillful operation of this system by the operator can re- 
sult in useful copy of signals that would otherwise be uncopiable due to 
heavy interference from nearby signals. Such a scheme, with a unique visual 
indication of the bandwidth to which it is adjusted, is included in the Astro 


102BX, 
The following two pages provide data on the diode ring double balanced mixers 


used for Z2101, 22102, and Z5101. The first type uses discrete diodes and 
the second uses a monolithic diode array. The two vwnits are interchangeable. 
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TEST EQUIPMENT REQUIRED 


A certain amount of quality test equipment is necessary to service to- 
day's sophisticated communications equipment. Below is a list of that re- 
quired for the ASTRO 102BX, 


-Microphone, high impedance 
-Wattmeter, O-200W scale 


-Dummy load, non-reactive, 50 ohms, 
capable of >200W dissipation 


-Light bulb load, 100W, 10 ohms cold 


-Oscilloscope, 30 MHz minimum band- 
width, with x10 attenuator probe 
to be used for all measurements 


-Frequency counter, at least 100 mV 
sensitivity, high impedance in- 
put, counts to 44 MHz. or higher 


-VTVM or DVM with high input im- 
pedance to be used for all AC and 
DC measurements 


-Two-tone generator (See the "Servicing 
Hints" section of this manual) 


-Noise generator (See the "Servicing 
Hints" section of this manual) 


-Signal generator, 1.5-30 MHz, cal- 
ibrated output 


-Audio generator, 300-3000 Hz 


-Power supply, 11-14V DC adjustable, 
22 ampere or greater regulated out- 
put, with current metering 


-"T" coaxial connector 


-Attenuator for monitoring transmitter 
output with counter and oscilliscope 


INITIAL INSPECTION AND SET-UP 
Inspect the unit for physical damage; i.e., broken components, knobs, 


switches, meter, panel, heatsink, controls, circuit boards, cabinet, ye 
. -1 
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burned wires, components and boards; loose and improperly mounted plugs; 
frayed or pinched wires; loose hardware, etc. 

Connect a suitable power supply to the POWER 13.8 volt connector on the 
rear apron of the unit. Connect the wattmeter, dummy load and "T" connector 
with the attenuator to the ANTENNA connector. Connect a suitable microphone 
to the KEY/MIC jack on the front panel. 

Set the front panel controls as follows: AF GAIN off; RF GAIN, fully 
clockwise; IF GAIN fully clockwise; AGC DELAY fully counterclockwise: PASS- 
BAND 12 o'clock; NOTCH FILT fully counterclockwise; MIC GAIN fully counter- 
clockwise; PTO MODE to PTO A; MODE to LSB and BAND to 20. 


INITIAL CURRENT AND LIGHT CHECKS 

With the power off, the total current drain should be less than 15 ma. 
Turn the AF GAIN control to turn the power on, and the total current drain 
should be less than 2 amperes, the meter light should come on, the display 
should light, and the PTO A and PASSBAND KHZ lights should come on. 

Key the unit with the microphone button. The total current drain sh- 
ould increase between 1 to 1.5 amps. 


PTO MODE SWITCHING AND RIT OPERATION 

Set the PTO MODE switch to EXT, and the display should read 11000.1 
+ 1, Set the MODE to USB, and the display should read 10996.8 +1. Both PTO 
lights should be off. 

Set the PTO MODE to A and adjust PTO A for 14260.0 with the RIT off 
(RIT light off). The PTO A light should be on and the PTO B light off. Key 
the unit. The display frequency should not change, and there should be no 
change in the PTO lights. Unkey the unit. 

Set the PTO MODE switch to B and adjust PTO B for 14280.0 with the RIT 
off. The PTO B light should be on and the PTO A light should be off. Key 
the unit, and the display frequency should not change, with no change in the 
PTO lights. Unkey the unit. 

Set the PTO MODE switch to REC A-XMIT B, The PTO A light should be on, 
the PTO B light should be off, and the display frequency should be 14260.0. 
Key the unit; the PTO A light should go off, the PTO B light should be on, 
and the display frequency should change to 14280.0. Unkey the unit. 

Set the PTO MODE switch to REC B-XMIT A; the PTO A light should be off, 
the PTO B light on. The display frequency should be 14280.0. Key the unit, 
and the PTO A light should come on, and the PTO B light extinguish. The 
display frequency should be 14260.0 Unkey the unit. 

Set the PTO MODE switch to PTO A, MODE to LSB, The display frequency 
should change less than 0.2 kHz. Set the RIT knob pointer to O and push 
it in to turn the RIT on. The RIT light should come on, and the display 
frequency should change less than 0.2 kHz. Adjust the RIT control from os 
counterclockwise to fully clockwise. The display frequency should vary be- 
tween + 0.8 to 1.5 kHz. Key the unit. The RIT light should go off, and the 
display frequency should be the same as if the RIT were off, and the RIT con- 
trol should have no effect on the display frequency. Unkey the unit. Push 
the RIT control to turn it off. The RIT control should have no effect on 
the display frequency. Set the MODE switch to USB. 

Set the PTO MODE switch to B and make the same checks as for PTO A, 
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PTO RANGE AND DISPLAY OPERATION 

Set the PTO MODE switch to PTO A, turn the PTO A knob counter clockwise 
to its limit. The display frequency should be between 13940.0 and 13880.0, 
Turn the PTO A knob clockwise to its stop, and the display frequency should 
be between 14560.0 and 14620.0. Set the BAND switch to 10D. The display 
frequency should be stable. Set the BAND switch to 20. 

Set the PTO MODE switch to PTO B and repeat the range checks for PTO B, 
. Set the BAND switch to 10B, and adjust PTO B for a display frequency of 
28888.8 and check that the segments and decimal point are properly lighted 
on the display. 


DISPLAY FREQUENCY ACCURACY 


Connect a frequency counter to the "T" coupling and attenuator in the 
antenna line. Disconnect the microphone, and connect an audio generator 
to the EXT MOD jack on the rear apron of the unit. Connect an SPST switch 
to the KEY jack on the rear apron. 

Adjust the audio generator's output to 1000 Hz + 10 Hz. Key the unit 
with the SPST switch and adjust the MIC GAIN control and audio generator 
output level for approximately 20 watts output, or until the frequency coun- 
ter has a stable count. Check the following: 

That the carrier (output) frequency equals the display frequency minus 
1.0 kHz in the LSB mode, + 0.4 kHz, 

That the carrier (output) frequency equals the display frequency plus 
1.0 kHz in the USB mode, + 0.4 kHz. 

That the carrier (output) frequency equals the display frequency plus 
0.8 kHz in the CW and CWN modes, + 0.4 kHz. 


TRANSMITTER OPERATION 


Disconnect the frequency counter from the "T" connector in the antenna 
line and connect the oscilloscope in its place. Keep the attenuator in the 
line to protect the oscilloscope input circuitry. Disconnect the audio gen- 
erator from the EXT MOD jack and connect the two-tone generator to the EXT 
MOD jack. 

Check the power output and the total drain current on all bands in the 
CW mode, with the MIC GAIN control fully clockwise, and with the output freq- 
uency adjusted to the high end of each band. The power output should be 100 
to 120 watts on all bands and the total current drain from the power supply 
should te 18 amps or less at 100 watts output. Power output should vary 
from less than 5 watts to full power as the MIC GAIN control is varied from 
fully counterclockwise to fully clockwise. There should be no output until 
the unit is keyed with the SPST switch. 

Check the meter accuracy in the FWD position at 100 watts output on the 
20 meter band. Accuracy should be + 10%, Disconnect the coax at the ANTEN- 
NA connector on the rear apron, and set the METER switch to REFL, the MIC 
GAIN fully clockwise, and key the unit momentarily. The panel meter should 
indicate in the red area, Reconnect the coax to the ANTENNA connector. Set 
the meter switch to ALC, key the unit, and vary the MIC GAIN control from 
fully counterclockwise to fully clockwise. The meter reading should vary 
from approximately 0 to +20 or higher. Unkey the unit, and the meter should 
read approximately 0 in any of the METER switch positions, 
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ALC OPERATION 


Disconnect the 50 ohm dummy load and substitute a standard 100W light 
bulb (10 ohms cold) as the load. Check the power output with the MIC GAIN 
control fully clockwise on all bands. Power output should be 40-70 watts if 
the ALC circuit is operating properly. 

With the antenna connector open ane. no load), the total set current 
in transmit should not exceed 12 amperes. If so, the ALC circuit is not 
working properly. 


NOTE: The purpose of the ALC is to limit power output and therefore PA 
device dissipation to safe limits, by limiting collector current. 
If there is too much ALC control, it will not be possible to ob- 
Tain tullloutput) into toads with SWRs less than 1.5:1. If there 
is too little ALC control, then the PA transistors can draw ex- 
cesSive current, especially when the load is poorly matched, and 
possibly go into oscillation, causing them to overheat and fail. 


antee the failure of expensive components in the PA. 
MODULATION OPERATION 


Check the two-tone signal on each band and in both USB and LSB modes 
for crossover distortion, carrier leakage, and spurious outputs. None of 
the above should be detectable in the output (see the "Servicing Hints" sec- 
tion of this manual for examples and procedures for making the two-tone 
test,” Output should go to 100 W, PEP without distortion being introduced 
into the two-tone pattern, 


NOTE: If a two-tone source is not available, a close examination of a 
modulated output display using a high quality microphone and/or 
monitoring the signal on another radio should show up any major 
discrepancy, although not so accurately as does the two-tone 
test. 


Two-tone and microphone modulation checks should be made with the spe- 
ech processor off. Disconnect the two-tone generator and reconnect the mic- 
rophone. The MIC LEVEL trimpot (R138) on the audio board should be adjusted 
for 100 W,. PEP output with the MIC GAIN control set at 10 o'clock and speak- 
ing into the microphone that is to be used with the unit, in a normal voice. 
Note the average power reading on the wattmeter. Switch the SPEECH PROCES- 
SOR on and note that the average power reading increases by approximately 
20 watts. It should also be noticable on the oscilloscope display that the 
peak to average modulation levels are less with the speech processor on than 
when it is off. 

With the VOX-PTT switch in the VOX position, adjust the VOX GAIN trim- 
pot (R140) on the audio board so that speaking into the microphone instantly 
keys the unit. Adjust the ANTI TRIP trimpot (R149) on the audio board so 
that audio from the speaker does not key the unit. Varying the VOX DELAY 
trimpot (R144) on the audio board should vary the unkeying delay time from 
© to 5 seconds. There should be no loud popping noises in the speaker as 
the unit keys or unkeys. Disconnect the microphone. 
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Set the MODE switch to CW, the BRK IN switch to FULL, the CW HARD-SOFT 
switch to HARD, Key and unkey the unit rapidly several times; the receiver 
audio should return the instant the unit is unkeyed. There should be no ob- 
jectionable pops or clicks from the speaker when keying or unkeying at any 
power output setting. Set the BRK IN switch to SEMI. Key and unkey the 
unit several times. There should be a 0.5 to 6 second delay between un- 
keying and receiver turn on that varies with the setting of the CW DELAY 
trimpot (R174) on the audio board. 

set the BRK IN switch to FULL, key the 
unit, and adjust the MIC GAIN control for a 
reading of 75 on the meter with the METER 
switch in the ALC position. Rapidly key 
and unkey the unit and compare the oscillo- 
scope display to the illustration presented 
here, to check for proper waveshaping. Set 
the CW HARD/SOFT switch to SOFT and make 
the same check for waveshape. 

The SIDETONE trimpot (R124) on the 
audio board should vary the level of the 
audio tone heard in the speaker when the 
transmitter is keyed. The tone should be 
present only in the CW or CWN MODE of op- 
eration, and should not be heard with the 
unit unkeyed. Output should vary from no 
output to approximately 1 watt of audio 
with the setting of the sidetone level con- 
Ou. 

Connect one lead of al2volt lamp 
(less than 200 ma) to +12 volts from the 
power supply and connect the other lead 
from the lamp to the center contact on the 
EXT RLY jack on the rear apron of the unit. 
The lamp should light only when the unit is 
in transmit in any mode, 


"Hard" keying 


"Soft" keying 


RECEIVER OPERATION 


Disconnect the microphone, the SPST switch, wattmeter, "T" connector 
and attenuator, and the dummy load from the unit. Connect an RF signal gen- 
erator to the ANTENNA jack. Connect an AC voltmeter and frequency counter 
across the speaker terminals. Set the MODE switch to USB, VOX/PTT switch to 
PTT, MIC GAIN control fully counterclockwise, and PTO MODE to PTO A, 

Check-for.0.35 aW..sensitiviny “atv710 db S+N/N ratio on all bands. see 
the "Servicing Hints" section of this manual for the procedure. Check the 
sensitivity with the PTO MODE switch in the PTO B position also. Check that 
the sensitivity is better than 1.0 uwV at 10 dB S+N/N ratio with the input 
voltage set at 11V DC on all bands, 

Set the RF generator output to 1 uV and note the 5S meter reading. Tune 
the unit to each internally generated spurious signal and note that they 
each should be less than the S meter reading noted above. 

Check that the S meter reads 5 9 +15 unit for 50 uV input signal at 
a supply voltage of 13.8 V DC, The S meter reading should vary with the in- 
put signal. Changing the input signal from 1 uV to 0.1 V should result in 
6 dB or less increase in audio output (6 dB is a voltage ratio of 2). The 
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AF GAIN control ~ should vary the audio output from inaudible to 3.5V RMS 
before clipping occurs, with 0.5 uV of input signal. 


Turning the IF GAIN control fully counterclockwise should increase the 
S meter reading to full scale and decrease the units sensitivity. Set the 
IF GAIN control back to its fully clockwise setting. 

Turning the RF GAIN control counterclockwise should decrease the units 
input sensitivity and the S meter reading should decrease. With the RF GAIN 
fully counterclockwise, input sensitivity should be reduced approximately 50 
dB. Set the RF GAIN control back to its fully clockwise position. 

With the AGC DECAY control fully counterclockwise, the unit should have 
no AGC delay time. This is indicated by the S meter reading increasing and 
decreasing instantly as the PTO is tuned across a signal. As the AGC DECAY 
control is advanced clockwise, the amount of time required for the AGC to 
decay should increase to approximately 15 seconds at fully clockwise. This 
is indicated by the slow drop in S meter readings after tuning off of a sig- 
nal. Set the AGC DECAY control back to its fully counterclockwise position. 

Adjust the RF generator so that the speaker audio tone is 1650 Hz + 20 
Hz. Adjust the NOTCH FILTER control for minimum speaker audio. The audio 
signal should decrease approximately 25 dB, Adjust the RF generator so that 
the speaker audio tone is 2500 Hz +20 Hz. Adjust the NOTCH FILT control 
for minimum speaker audio. The audio signal should decrease about 25 dB. 
Repeat the foregoing at 400 Hz +10 Hz audio tone. The audio signal should 
decrease by about 25 dB. Set the NOTCH FILT control back to its fully co- 
unterclockwise position. 


NOISE BLANKER OPERATION 


To check the noise blanker circuit, connect a pulse type of noise gen- 
erator to the antenna connector along with the signal generator using the 
"T™" connector. If a noise generator is not available, see the "Servicing 
Hints" section of this manual for the schematic diagram of a simple inexpen- 
sive set that may be constructed and kept for future use. 

Tune in a 0.5 uV signal from the generator; turn on the noise generator 
and set the noise level to S 3 to S8 with the NOISE BLANKER switch off. 
Turn the NOISE BLANKER switch on; the signal should now be audible above the 
residual noise. Check on all bands. 

Tune the signal generator to another frequency at least 1 MHz away from 
the set frequency and modulate the signal generator at 100% modulation. In- 
crease the generator output to about 100,000 uV and at this point the noise 
level should come back up to S4 to S8; switching the NOISE BLANKER switch 
from on to off should have no effect. 


PASSBAND TUNING OPERATION 


With the PASSBAND control set at. 12 o'clock, all eight PASSBAND KHZ 
lights should be on in LSB, USB, and CW modes. In CWN mode, only the 1.5 
and 1.8 lights should be on, In LSB, USB and CW mode, as the PASSBAND con- 
trol is turned clockwise, the PASSBAND KHZ lights should go off sequentially 
proceeding from left to right. At about the 4 o'clock position of the con- 
trol, all lights should be out. As the PASSBAND control is turned counter- 
Clockwise from the 12 o'clock position, the PASSBAND KHZ lights should go 
off sequentially proceeding from right to left. At about the 8 o'clock pos- 
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ition of the PASSBAND control, all lights should be out. Set the PASSBAND 
control back. “to the, 22%o' clock position. 


CWN TEST 


Set the MODE switch to CW, and adjust the RF generator for 50 uV output 
and adjust the frequency for a 1650 + 20 Hz speaker audio tone. Switch the 
MODE switch to CWN and note that the 5S meter reading changes by one S unit 
or less. Set the MODE switch to CW, 

Adjust the RF generator frequency for a 2700 Hz + 20 Hz speaker tone 
and set the RF generator output for 59 on the S meter. Turn the PASSBAND 
control counterclockwise until the S meter reading drops to less than S5. 
At this point, only the 2.7 and/or 2.4 PASSBAND KHZ lights should be off. 
Adjust the RF generator frequency for 400 Hz + 20 Hz tone in the speaker and 
set the generator output for an S9 reading on the S meter. Turn the PASS- 
BAND control clockwise until the S meter reading drops to less than S5, At 
this point “only ithe 2066 and/or 0.9 PASSBAND KHZ lights should be off. Set 
the PASSBAND control: back to ‘its 12 o'clock “position, 


PTO CHECK 


Set the PTO MODE switch to PTO A and adjust the RF generator for 50 uV 
output. Tune PTO A across the signal and listen to the speaker audio tone 
for any indication of tuning backlash. Tune «-PTOVA © for aig000 Hazy Gn 
tone in the speaker, 

Set the PIO MODE switch to PTO B, Tune PTO Bilacross the "signaieana 
listen to the speaker audio tone for any indication of tuning backlash. Tune 
PTO B for a 1000 Hz += 20 Hz speaker tone. Both PT0s are now set to the same 
frequency and there should be no interference between the two. Slowly tune 
PTO A back and forth while listening for a change in the audio tone. There 
should be no detectable change, 


EXTERNAL SPEAKER CHECK 


Connect an external speaker to the EXT SPKR/PHONE jack on the rear ap- 
ron of the set. The internal speaker should mute and the added speaker now 
should have audio output. 


EXTERNAL L.O. CHECK 


Disconnect the RF generator from the ANTENNA connector and reconnect it 
to the EXT Lo jack on the rear apron of the unit. Adjust the RF generator 
frequency to 30 MHz and approximately O dBm output. Set the MODE switch to 
LSB, PTO MODE switch to EXT, and BAND to 15. The display frequency should 
be the RF generator output frequency minus 9000.0 kHz + 0.1 kHz. The dis- 
play should be stable and tuning PTO A or PTO B should have no effect on the 
display frequency, 


This completes the operational test of the unit. Disconnect all test 
equipment and reinstall any covers that may have been removed, 
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ALIGNMENT PROCEDURE 


Alignment should be performed only after making a complete performance 
check of the unit. It is advisable to then align only those areas of the 
unit necessary to bring performance up to specification. Also, the replace- 
ment of a defective component will usually restore the units performance 
without requiring any realignment, in most cases. Following this procedure 
will save time and help to avoid the possibility of inadverdantly misalign- 
ing a section of the unit. 


INITIAL SETUP 


Remove the top and bottom covers of the unit. Set the front panel con- 
trols as ollows: AF GAIN to off; RF GAIN to fully clockwise; IF GAIN to 
fully clockwise; AGC DECAY to 12 o'clock; PASSBAND to 12 o'clock; NOTCH FILT 
to fully counterclockwise; MIC GAIN to fully counterclockwise; PTO MODE to 
PTO A; MODE to LSB; BAND to 160 and PTT/VOX switch ito PTT. 

Connect a suitable power supply to the POWER 13.8 V_ connector on the 
rear apron of the unit. 


VOLTAGE REGULATOR ADJUSTMENT 


Turn the AF GAIN control clockwise to turn the power on. Adjust the 
power supply voltage for 14 V IC. 

Measure the voltage at the collector of Q116 on the distribution board 
and adjust the 10.5 V SET trimpot (R141) on the same board for a reading of 
10.55 + 0.05 V IC on the voltmeter. Vary the power supply voltage from 11 to 
15 volts. The measured voltage should change by less than 0.2 Ve DO”. Reset 
the power supply voltage to 14 V IC. 


BAND VCO ADJUSTMENT 
Measure the voltage at the point labeled 160-15 M EL (near C138) on the 


L.O. board. Adjust the coils according to the following chaxt for-3.75 20.25 
¥ TS. 


BAND COIL 
160M T1O1 
80M T102 
LOM T103 
20M T104 
15M TLOS 


Measure the voltage at the point labeled 10 M EL on the LO board. Set 
the BAND switch to 10A and adjust T106 for 3.20 + 0.1 V DC. Switch to 10B, 
10C, and 10D and note that voltage reading increases approximately 0.4 V DC 
for each band. 


BAND REFERENCE OSCILLATOR ADJUSTMENT 
Connect a frequency counter to coliector of Q111 on the LO board. Set 


bandswitch to 10D. Adjust the 2 MHz oscillator trimmer capacitor (C246) for 
a frequency of 44.000 MHz +20 Hz. Disconnect the frequency counter. 
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CARRIER OSCILLATOR ADJUSTMENT 


Connect the microphone to the MIC/KEY jack on the front panel. Connect 
the oscilloscope probe to the emitter of Q117 on the exciter board. Key the 
unit with the microphone button and adjust transformer T105 on the exciter 
board for a maximum indication on the oscilloscope of approximately 1 V p-p. 
Unkey the unit. Disconnect the oscilliscope probe and reconnect the freq- 
uency counter to the same point. Key the unit and make adjustments accord- 
ing to the following table, in the order listed. 


MODE CAPACITOR FREQUENCY 
LSB C194 9.00000 MHz +10 Hz 
USB C197 9.00330 MHz +10 Hz 

CW C199 9.00250. Mizg-slO Bz 


Unkey the unit and disconnect the frequency counter and microphone. 
PASSBAND TUNING OSCILLATOR ADJUSTMENT 


Measure the voltage at the center leg of the PASSBAND tuning control 
(R1O3B, rear section) and adjust the PASSBAND control for 5.25 + 0.05 V DC, 

Connect the frequency counter to G2 of Q113 on the exciter board and 
adjust the PBT trimmer capacitor (C206) for a frequency of 22.80165 MHz + 20 
Hz. Vary the PASSBAND control from fully counterclockwise to fully clock- 
wise and note that the PBT oscillator has a frequency range greater than 3.6 
kHz. 

Disconnect the frequency counter and reconnect the oscilloscope probe 
to the same point. Adjust coil T106 for maximum indication on the oscillo- 
scope screen, approximately 1.5 V p-p. Disconnect the oscilloscope probe. 


COUNTER REFERENCE OSCILLATOR ADJUSTMENT 


Remove the cover from the units frequency counter and connect the shop 
frequency counter to pin 9 of U114 on the counter board. Adjust the refer- 
ence oscillator trimmer (C110) for a frequency of 131072 6MUger 2 Hz pies 
connect the frequency counter and reinstall the counter cover. 


PASSBAND TUNING INDICATOR ADJUSTMENT 


set the PASSBAND control to its.12 o'clock position and adjust the A= 
RANGE trimpot (R166) on the audio board so that all eight PASSBAND KHZ 1li- 
ghts are on. 


PTO AND RIT ADJUSTMENT 


Set the MODE switch to LSB, and the BAND switch to 20, turn the RIT to 
its off positionss(RI? light extinguished) and adjust: “PTO:A. for 4 display 
frequency of 14270.0. Switch the MODE switch to USB, and if the display 
frequency changes, adjust the USB SHIFT trimmer (C608) on PTO A so that 
there is no change in the display frequency when shifting between LSB and 
USB modes. 
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Setsthe RIT *control tov0; Push the RIT. control to turn it.on (RIT li- 
ght lighted). If the display frequency changes, adjust the RIT CENTER trim- 
pot (R536) on the PTO control board so that there is no change in the dis- 
play frequency between RIT on and RIT off. Verify that the RIT control 
varies the frequency of the display + 800 to 1500 Hz. 

Turn the PTO A control fully counterclockwise and note how much the 
display frequency goes below 14000.0 kHz. Now turn the PTO A control to its 
Clockwise limit and note how much the display frequency goes above 14500.0 
kHz. The amount that the frequency extends beyond the lower and upper band 
limits should be greater than 50 kHz and within 10 kHz of each other. If 
this is not the case, adjust trimmer C606 on PTO A for the proper frequency 
range. 

Set the PTO MODE switch to PTO B and repeat the above procedures for B, 


EXCITER I.F. ADJUSTMENTS 


\ 

Set the MODE switch to CW, the PTO MODE switch to PTO A, the PASSBAND 
control to its 12 o'clock position, and adjust PTO A for a display frequency 
of 14300.0 kHz. Connect the output of the RF generator to the ANTENNA con- 
nector on the rear apron of the unit. Set the RF generator output for 50 uV 
and adjust its frequency for maximum S meter reading on the unit. . Adjust 
transformers 1101, T102, T103 and T104 on the exciter board for a maximum S 
meter reading. 


AGC AND S METER CALIBRATION 
Use the same test setup as previous section. Connect the oscilloscope 
probe to the cathode of diode CR123 (AF in line) on the audio board. Adjust 
the AGC THRESH trimpot (R101) on the audio board for 600 mV p-p indication 
on the oscilliscope screen. Disconnect the oscilloscope probe. 
Adjust the S METER CAL trimpot (R110) on the audio board for an 5 9 in- 
dication on the unit's meter. 


CWN FILTER ADJUSTMENT 


Set the MODE switch to CWN and connect the frequency counter across the 
units speaker terminals, keeping the rest of the test setup the same as for 
the previous section. Adjust PTO A for a 1650 Hz + 20 Hz speaker audio tone 
and adjust CWN trimmer capacitors C130 and C134 on the exciter board for a 
maximum S meter reading. Switch the MODE to CW and verify that the S meter 
reading changes by less than one S unit. 


NOTCH FILTER ADJUSTMENT 


Use the same test setup as before. Connect the AC voltmeter or oscil- 
loscope across the speaker terminals. Adjust PTO A for a 1650 + 20 Hz tone 
in the speaker. Adjust the NOTCH FILT control for minimum speaker audio 
output, then adjust the NOTCH FILTER ADJUST trimpot (R178) on the audio bo- 
ard for minimum speaker audio output. Repeat the adjustments of NOTCH FILT 
and N F ADJ controls until there is no further decrease in the speaker audio 
output. The notch filter should attenuate the speaker audio by more than 
25 dB. Verify that speaker audio output can also be attenuated by the notch 
filter with speaker audio tones of oO Hz and 2500 Hz. Disconnect the freq- 
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uency counter, AC voltmeter or oscilloscope and RF generator from the unit. 
ALC AND METER ADJUSTMENTS 


Connect the microphone to the MIC/KEY jack on the front panel of the 
unit. Connect the RF wattmeter and 50 ohm dummy load to the ANTENNA connec- 
tion on the rear apron. Set the MODE switch to CW and adjust PTO" A fone, 
display frequency of 14500.0 kHz. 

Connect the DC oscilloscope probe to the "high" potential leg of the 
REFL trimpot (R107) on the preselector board. Key the unit with the micro- 
phone button and adjust the MIC GAIN control for 100 watts of output. Quick- 

the y apacit c1C on the SWR/wattmeter board 


NOTE: During this and subsequent CW tests, limit the "key down" time 
to 30 seconds or less to prevent overheating and resultant dam- 
age to the power amplifier devices. Allow time between trans- 
missions to permit them to cool. 


Disconnect the oscilloscope probe. Set the METER switch to the FWD 


position. Key the unit, and adjust the MIC GAIN for 100 watts of output and 
quickly adjust the RUD ORE RDOL CRIA?) Sih 4HeMal SEP RNOROR MER ERaReeI ae 
ing of 100 on the unit's meter. 

Set the MIC GAIN control fully clockwise, key the unit, and quickly ad- 
just the PUD: ADOMEIMpet- CRIOM) MenOhalhresenees oO MRANRES A, 


Disconnect the 50 ohm dummy load and reconnect the 100 watt (10 ohm 
cold) light bulb in its place. With the MIC GAIN control fully clockwise, 
key the unit and quickly adjust the - 

Set the METER switch to REFL, key the 
unit, and quickly adjust the REFL trimpot (R149) on the distribution board 
for a reading of 100 on the unit's meter. (10 watts reflected power) 

Check the output on all bands for 40 to’ 70 watts of output using the 
light bulb as a load. 

Disconnect the light bulb load and reconnect the 50 ohm dummy load. 
Check the power output forl00-120 watts on all bands, with the MIC GAIN 
control fully clockwise. 

Disconnect the coax lead at the ANTENNA connector of the unit. Key the 
unit with the MIC GAIN control fully clockwise and note that the total cur- 
rent drawn from the power supply is less than 12 amperes on all bands. Re- 
connect the coax lead to the ANTENNA connector, 


NOTE: It may be necessary to slightly readjust the FWD and REFL ALC 
trimpots and SWR NULL trimmer capacitor to obtain the proper 
indications on all bands. 


Set the BAND switch to 20 meters, the METER switch to ALC and the MIC 
CAIN control fully counterclockwise. Key the unit and adjust the ALC ZERO 
trimpot (R110) on the preselector board for a reading of 5 2 on the units 
meter. Adjust the MIC GAIN control to its fully clockwise position. The 
meter reading should increase to +20 or greater. Unkey the unit. 
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PRESELECTOR AND L. 0. BANDPASS FILTER ADJUSTMENT 

The alignment of the bandpass filters should be performed only if abso- 
lutely necessary, and then only for those bands that require alignment. In- 
dications of misalignment are significant reduction in power output and re- 
ceiver sensitivity that is not the result of a component failure or mis- 
alignment of transformers, coils and/or oscillators on the exciter board. 

If alignment is to be performed using a sweep generator, follow the 
procedure supplied with the test equipment and test the boards as follows: 


Preselector Bandpass Filters: (with sweeper) 


Connect the sweep generator output to the RX IN jack (J132) and the sp- 
ectrum analyzer’s input to the RX OUT jack (J136). Sweep each band according 
to the accompanying chart. 
oe 
L.O. Bandpass Filters: (with sweeper) 


Disconnect the leg of C177 from pin 7 of Z101 on the LO board and con- 
nect the sweep generator output to the leg of (C177. Connect the analyzer 
input to the LO OUT jack (J103). 

Sweep each band according to the accompanying chart. 


Preselector Bandpass Filters: (without sweeper ) 


Disconnect the TX OUT coax at J134 on the preselector board and connect 
the oscilliscope probe to J134. Set the MODE switch to CW, and MIC GAIN 
control to fully clockwise, and key the unit. Adjust the oscilloscope for 
a reasonable indication. 

Adjust the bandpass coils for maximum indication on the oscilloscope at 
the center frequency of each band. 

Tune the PTO across each band and readjust the bandpass coils as neces- 
sary to obtain a flat response (+ 2 dB) across the band without significant- 
ly reducing the maximum output. 


L.O. Bandpass Filters: (without sweeper) 
Disconnect the LO OUT coax at J103 on the LO board and connect the osc- 
illiscope probe to J103. Use the same procedure for adjusting these band- 


pass coils as in the preceeding section. 


NOTE: It is not necessary to key the unit for LO bandpass filter 


adjustment. 
PRESELECTOR BANDPASS FILTER ALIGNMENT TABLE 
BAND RANGE, MHZ y CENTER FREQ. COLLS 
160 ol be DAO) | sigs ua) Tesi LO 
80 3.5-4.0 EP eae ®) TOA, T105, T106 
LO 7 seve) fae T107. f10c, 1109 
20 14.0-21.5 14.250 CUO, TL. Tli2 
LS Zt Lalas Pico Tas TL. 1115 
MOA. B,C, D 28.0-30.0 29.0 sg HE Ses Wt ale a Bal 
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L.O. BANDPASS FILTER ALIGNMENT TABLE 


BAND RANGE, MHZ CENTER FREQ. COILS 
160 10.8=1170 10.9 TIO7S*TLOS Pe TLCS 
80 12. 5-1370 12.750 THOS eT ee hie 
LO 16.0-16.5 16.250 lo gd a 
20 23.0-23.5 23.250 THIG) TEs re 
15 30.0-30.5 30.250 TY LOOMTRZOF Trae 
TOM) te tiGson 37.0-39.0 38.0 TL22 ww T1239, nT 
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